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(54) Medical apparatus 

(57) A medical apparatus having a tubular radiother- 
apeutic applicator (5) and a thermotherapeutic applica- 
tor (2). The radiotherapeutic applicator (5) is designed to 
apply radiation to a tumor (7) and has a passage for guid- 
ing a radiation source (13). The thermotherapeutic appli- 
cator (2) is designed to apply heat to the tumor (7) and 



has a passage (12). Into the passage (1 2) of the thermo- 
therapeutic applicator (2), the radiotherapeutic applica- 
tor (5) is inserted, whereby radiotherapy and 
thermotherapy are simultaneously applied to the tumor 
(7) by the applicators (2. 5). 
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Description 



The present invention relates to a medical apparatus 
for treating an affected part of a patient, such as cancer. 

Thermotherapy has been known as a treatment on s 
an affected part of a patient, such as cancer. The ther- 
motherapy is effective because cancer cells are less 
resistant to heat than unaffected cells. In the thermother- 
apy, a high-frequency current is supplied to the affected 
part, thereby heating the affected part. 10 

To supply the high-frequency current to the affected 
part of the patient, a surgeon uses a thermotherapeutic 
applicator having two electrodes. More specifically, the 
surgeon positions the applicator such that the electrodes 
clamp the affected part between them and supplies the 15 
high-frequency current from one electrode to the other 
through the affected part/ 

Another type of therapy, known as radiotherapy, is 
also applied to treat cancer cells, and a medical appara- 
tus for use in radiotherapy, known as radiotherapeutic 20 
apparatus, is used in practice. This apparatus has a radi- 
ation source, from which radiation is applied onto from 
the source onto the cancer cells to destroy the cancer 
cells. 

Medical researches conducted recently have shown 25 
that a patient's affected part can be treated more effec- 
tively by conducting thermotherapy and radiotherapy 
simultaneously than by carrying out one of these these 
types of therapies. No apparatus has been provided 
which can perform both types of therapies at the same 30 
time. No matter how quickly the two therapies are con- 
ducted one after the other, there still remains a time lag 
between the these therapies. Consequently, the affected 
part cannot be treated with a sufficiently high efficiency. 

Accordingly the object of the present invention is to 35 
provide a medical apparatus with which a surgeon can 
perform both radiotherapy and thermotherapy at the 
same time on an affected part of a patient, thereby to 
treat the affected part with high efficiency. 

To attain this object, there is provided a medical 40 
apparatus which comprises radiotherapeutic means 
having a tube for guiding a radiation source and designed 
to perform radiotherapy on the affected part; thermother- 
apeutic means having for performing thermotherapy on 
the affected portion, and radio/thermo therapeutic 45 
means for driving the radiotherapeutic means and the 
thermotherapeutic means at the same time, thereby to 
perform both the radiotherapy and the thermotherapy at 
the same time. 

By using this medical apparatus, a surgeon can con- so 
duct radiotherapy and thermotherapy simultaneously, 
treating an affected part of a patient effectively. 

This invention can be more fully understood from the 
following detailed description when taken in conjunction 
with the accompanying drawings, in which: 55 

FIG. 1 is a block diagram showing a medical appa- 
ratus according to a first embodiment of the present ' 
invention; 



FIG. 2A is a sectional side view of the thermothera- 
peutic applicator incorporated in the medical appa- 
ratus shown in FIG. 1 ; 

FIG. 2B is a side view of the applicator as viewed in 
the direction of arrow A shown in FIG. 2B; 
FIG. 3 is a block diagram explaining how to operate 
the apparatus illustrated in FIG. 1 ; 
FIG. 4 is a sectional side view of the thermothera- 
peutic applicator provided in a medical apparatus 
according to a second embodiment of the invention; 
FIG. 5 is a sectional side view of the thermothera- 
peutic applicator used in a medical apparatus 
according to a third embodiment of this invention; 
FIG. 6A is a sectional side view of the thermothera- 
peutic applicator incorporated in a medical appara- 
tus according to a fourth embodiment of the 
invention; 

FIG. 6B shows the applicator illustrated in FIG. 6A 
as viewed from the balloon; 
FIG. 7 shows the major components of the thermo- 
therapeutic applicator provided in a medical appa- 
ratus according to a fifth embodiment of this 
invention; 

FIG. 8 is a perspective of the thermotherapeutic 
applicator incorporated in a medical apparatus 
according to a sixth embodiment of the present 
invention; 

FIG. 9 shows the major components of the thermo- 
therapeutic applicator shown in FIG. 8; 
FIG. 1 0 is a side view of the thermotherapeutic appli- 
cator used in a medical apparatus according to a 
seventh embodiment of the present invention; 
FIG. 1 1 shows the major components of the thermo- 
therapeutic applicator used in a medical apparatus 
according to an eighth embodiment of this invention; 
FIG. 1 2 shows the major components of the thermo- 
therapeutic applicator used in a medical apparatus 
according to a ninth embodiment of the invention; 
FIG. 1 3 shows the major components of the thermo- 
therapeutic applicator used in a medical apparatus 
according to a tenth embodiment of this invention; 
FIG. 14 is a schematic representation of a medical 
apparatus according to an eleventh embodiment of 
the present invention; 

FIG. 15A is a front view of the thermotherapeutic 
applicator incorporated in a medical apparatus 
according to a twelfth embodiment of the invention; 
FIG. 1 5B is a side view illustrating the major compo- 
nents of the thermotherapeutic applicator shown in 
FIG. 15A; 

FIG. 16A is a front view of the thermotherapeutic 
applicator used in a medical apparatus according to 
a thirteenth embodiment of the invention, for explain- 
ing how the applicator is used; 
FIG. 1 6B is a longitudinal sectional view of the appli- 
cator shown in FIG. 16A, also explaining how the 
applicator is used; 

FIG. 1 7 is a partially sectional view of the intra-cavity 
applicator incorporated in a medical apparatus 
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according to a fourteenth embodiment of the present 
invention; 

FIG. 18A is a transverse sectional view of the shaft 
of the intra-cavity applicator shown in FIG. 17; 
FIG. 18B is a transverse sectional view of the shaft s 
of a modified intra-cavity applicator for use in the 
fourteen embodiment; 

FIG. 19 is a schematic diagram showing the medical 
apparatus according to the fourteenth embodiment, 
explaining how the apparatus is used to conduct io 
thermotherapy and radiotherapy at the same time; 
FIG. 20A shows the intra-cavity applicator inserted 
in the esophagus of a patient; 
FIG. 20B illustrates the intra-cavity applicator 
inserted in the rectum and colon of a patient; is 
FIG. 20C shows the intra-cavity applicator inserted 
in the bile duct of a patient; 
FIG. 20D depicts the intra-cavity applicator inserted 
in the trachea and bronchus of a patient; 
FIG. 20E shows the intra-cavity applicator inserted so 
in the prostate and bladder of a patient; 
FIG. 21 illustrates the intra-cavity applicator inserted 
in the vagina and uterus of a patient; 
FIG. 22A is a longitudinal sectional view of the intra- 
cavity applicator used in a medical apparatus 25 
according to a fifteenth embodiment; 
FIG. 22B is a transverse sectional view of the appli- 
cator shown in FIG. 22A; 

FIG. 23 A is a longitudinal sectional view of the intra- 
cavity applicator provided in a medical apparatus 30 
according to a sixteenth embodiment of the inven- 
tion; 

FIG. 23B is a transverse sectional view of the appli- 
cator shown in FIG. 23A; 

FIG. 24 is a longitudinal sectional view of the intra- as 
cavity applicator used in a medical apparatus 
according to a seventeenth embodiment of the 
invention; 

FIG. 25A is a perspective view showing the shaft of 
the intra-cavity applicator incorporated in a medical 40 
apparatus which Is an eighteenth embodiment of the 
present invention; 

FIG. 25B is a perspective view showing the proximal 
end portion of the applicator shown in FIG 25A; 
FIG. 26 is a partially sectional, perspective view illus- 45 
trating the shaft of the intra-cavity applicator used in 
a medical apparatus according to a nineteenth 
embodiment of this invention; 
FIG. 27 is a cross-sectional view of the balloon- 
mounted part of the applicator illustrated in FIG. 26; so 
FIG. 28A is a perspective view of the intra-cavity 
applicator incorporated in a medical apparatus 
which is a twentieth embodiment of the present 
invention; 

FIG. 28B is a sectional view of the applicator shown ss 
in FIG. 28A, taken along line 28B-28B; 
FIG. 29 is a perspective view showing the intra-cav- 
ity applicator used in a medical apparatus according 



to a twenty-first embodiment of the present inven- 
tion; 

FIG. 30 is a plan view of the intra-cavity applicator 
used in a medical apparatus according to a twenty- 
second embodiment of the invention; 
FIG. 31 A is a perspective view of the distal end por- 
tion of the intra-cavity applicator incorporated in a 
medical apparatus which is a twenty-third embodi- 
ment of this invention; 

FIG. 31 B is a perspective view of the proximal end 
portion of the intra-cavity applicator illustrated in 
FIG. 31 A; 

FIG. 32A is a plan view of the intra-cavity applicator 
incorporated in a medical apparatus according to a 
twenty-fourth embodiment of the invention; 
FIG. 32B is a plan view of a catheter which can be 
inserted into the radiation source passage of the 
applicator shown in FIG. 32A; 
FIG. 33A is a plan view showing the shaft of the intra- 
cavity applicator used in a medical apparatus 
according to a twenty-fifth embodiment of the 
present invention; 

FIG. 33B is a plan view of the proximal end portion 
of the applicator illustrated in FIG. 33A; 
FIG. 33C is a front view showing the proximal end 
portion of the applicator shown in FIG. 33A; 
FIG. 33D is a plan view of the graduation provided 
on the shaft of the applicator shown in FIG. 33A; 
FIG. 34 is a partially sectional, perspective view of 
the intra-cavity applicator used in a medical appara- 
tus according to a twenty-sixth embodiment of the 
present invention; 

FIG. 35 is a cross-sectional view of the shaft of the 
intra-cavity applicator shown in FIG. 34; 
FIG. 36 is a sectional view showing the distal end 
portion of the intra-cavity applicator incorporated in 
a medical apparatus according to a twenty-seventh 
embodiment of the invention ; 
FIG. 37 is a sectional view showing the proximal end 
portion of the intra-cavity applicator incorporated in 
a medical apparatus according to a twenty-eighth 
embodiment of this invention; 
FIG. 38A is a perspective view of a medical appara- 
tus according to a twenty-ninth embodiment of the 
present invention; 

FIG. 38B shows the insertion section of the intra- 
cavity applicator incorporated in the apparatus 
shown in FIG. 38A, inserted in a body cavity of a 
patient; 

FIG. 38C is a cross-sectional view of the shaft of the 

applicator illustrated in FIG. 38A; 

FIG. 39 is a sectional view of the distal end portion 

of the applicator shaft incorporated in a medical 

apparatus according to a thirtieth embodiment of the 

invention; 

FIG. 40 is a perspective view of the applicator incor- 
porated in a medical apparatus according to a thirty- 
first embodiment of the present invention; 
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FIG. 41 is a perspective view of a medical apparatus 
according to a thirty-second embodiment of this 
invention; 

FIG. 42 is a schematic representation of the intra- 
cavity applicator used in a medical apparatus s 
according to a thirty-third embodiment of this inven- 
tion. 

FIG. 43 is a longitudinal sectional view of the distal 
end portion of the applicator shown in FIG. 42; 
FIG. 44 is a perspective view of the extracorporeal io 
applicator of a thirty-fourth embodiment of the inven- 
tion; 

FIG. 45 is a sectional view of the extracorporeal 
applicator shown in FIG. 44; 

FIG. 46 is a partly sectional, perspective view of the is 
intra-cavity applicator provided in a medical appara- 
tus according to a thirty-fifth embodiment of the 
present invention; 

FIG. 47 is a perspective view of the distal end portion 
of the intra-cavity applicator incorporated in a med- 20 
ical apparatus according to a thirty-sixth embodi- 
ment of the invention; 

FIG. 48 is a perspective view of the distal end portion 
of the intra-cavity applicator incorporated in a med- 
ical apparatus according to a thirty-seventh embod- 2s 
iment of the invention ; 

FIG. 49 is a cross-sectional view of the intra-cavity 
applicator incorporated in a medical apparatus 
according to a thirty-eighth embodiment of the 
present invention; 30 
FIG. 50A is a sectional view showing the distal end 
portion of the intra-cavity applicator used in a medial 
apparatus according to a thirty-ninth embodiment of 
the invention; 

FIG. SOB is a cross-sectional view of the applicator, 35 
taken along line 50B-50B shown in FIG. 50A; 
FIG. 51 is a partially sectional view of the thermo- 
therapeutic applicator incorporated in a medical 
apparatus according to a fortieth embodiment of the 
present invention ; 40 
FIG. 52 is a cross-sectional view of the applicator, 
taken along line 52-52 shown in FIG. 51 ; 
FIG. 53A is a diagram explaining how radiation is 
distributed by the applicator shown in FIG. 51 ; 
FIG. 53B is a diagram representing how radiation is 45 
distributed in a plane perpendicular to the axis of the 
applicator shown in FIG. 51 , when radiation sources 
are set in all radiation source passages of the appli- 
cator; 

FIG. 53C is a diagram showing how radiation is dis- so 
tributed in a plane perpendicular to the axis of the 
applicator shown in FIG. 51 , when a radiation source 
is set in only one of the radiation source passages; 
FIG. 53D is a diagram showing how radiation is dis- 
tributed in a plane perpendicular to the axis of the ss 
applicator shown in FIG. 51 . when radiation sources 
set in the adjacent three of the radiation source pas- 
sages; 



FIG. 53E is a diagram showing how radiation is dis- 
tributed when radiation sources are set in two of the 
radiation source passages and displaced in the axial 
direction of the applicator shown in FIG. 51 ; 
FIG. 54 is a cross-sectional view the thermothera- 
peutic applicator incorporated in a medical appara- 
tus according to a forty-first embodiment of the 
invention; 

FIG. 55 is a cross-sectional view the thermothera- 
peutic applicator incorporated in a medical appara- 
tus according to a forty-second embodiment of the 
present invention; 

FIG. 56 is a diagram representing how radiation is 
distributed in a plane perpendicular to the axis of the 
applicator shown in FIG. 55, when radiation sources 
set in the adjacent three of the radiation source pas- 
sages; 

FIG. 57 is a perspective view of the thermotherapeu- 
tic applicator of the forty-second embodiment; 
FIG. 58 is a partially sectional view illustrating the 
distal end portion of the thermotherapeutic applica- 
tor used in a medical apparatus according to a forty- 
third embodiment of the invention; 
FIG. 59 is a cross-sectional view showing the shaft 
of the applicator illustrated in FIG. 58; 
FIG. 60 is a longitudinal sectional view of the ther- 
motherapeutic applicator used in a medical appara- 
tus according to a forty-fourth embodiment of the 
present invention; 

FIG. 61 shows the thermotherapeutic applicator 
incorporated in a medical apparatus according to a 
forty-fifth embodiment of the invention; 
FIG. 62 is a cross-sectional view taken along line 62- 
62 shown in FIG. 61; 

FIG. 63 is a side view of the distal portion of the ther- 
motherapeutic applicator incorporated in a medical 
apparatus according to a forty-sixth embodiment of 
the invention; 

FIG. 64 is a cross-sectional view taken along line 64- 
64 shown in FIG. 63; 

FIG. 65 shows the thermotherapeutic applicator 
used in a medical apparatus according to a forty- 
seventh embodiment of the present invention; 
FIG. 66 illustrates the thermo/radio therapeutic 
applicator incorporated in a medical apparatus 
according to a forty-eighth embodiment of the inven- 
tion; 

FIG. 67 is an enlarged sectional view taken along 
line 67-67 shown in FIG. 66; 
FIG. 68 shows the thermotherapeutic applicator 
incorporated in a medical apparatus according to a 
forty-ninth embodiment of the present invention; 
FIG. 69 shows the thermotherapeutic applicator 
used in a medical apparatus according to a fiftieth 
embodiment of this invention; 
FIG. 70 is an enlarged sectional view taken along 
line 70-70 shown in FIG. 69; 
FIG. 71 A is a partially sectional side view of the intra- 
cavity applicator incorporated in a medical appara- 
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tus according a f rfly-f irst embodiment of the present 
invention; 

FIG. 71 B is a side view showing the proximal portion 
of the shaft of the applicator shown in FIG. 71 A; 
FIG. 71 C is a cross-sectional view of the shaft of the s 
applicator shown in FIG. 71 A; 
FIG. 71 D is a longitudinal sectional view of the cath- 
eter guide connected to the proximal end of the 
shaft; 

FIG. 71 E is a longitudinal sectional view of the cath- w 
eter holder used in the fifty-first embodiment; 
FIG. 71 F is a front view of the catheter holder; 
FIG. 72A is a longitudinal sectional view of the cath- 
eter guide used in a medical apparatus according to 
a fifty-second embodiment of this invention; is 
FIG. 72B is a longitudinal sectional view of the cath- 
eter holder incorporated in the fifty-second embod- 
iment; 

FIG. 73A is a partially sectional side view of the intra- 
cavity applicator incorporated in a medical appara- 20 
tus according af ifty-third embodiment of the present 
invention; 

FIG. 73B is a side view showing the proximal portion 
of the shaft of the applicator shown in FIG. 73 A; 
FIG. 74A is a perspective view of the guide used in 25 
the fifty-third embodiment, for guiding a radiothera- 
peutic instrument; 

FIG. 74B is a perspective view, explaining how a 
radiotherapeutic instrument is guided by the guide; 
FIG. 75A is a partially sectional side view of the intra- 30 
cavity applicator incorporated in a medical appara- 
tus according a fifty-fourth embodiment of this inven- 
tion; 

FIG. 75B is a side view showing the proximal portion 
of the shaft of the applicator shown in FIG. 75A; 35 
FIG. 76 is a perspective view of the guide used in 
the fifty-fourth embodiment, showing a radiothera- 
peutic instrument inserted through the guide; 
FIG. 77A is a partially sectional side view of the intra- 
cavity applicator incorporated in a medical appara- 40 
tus according a fifty-fifth embodiment of the present 
invention; 

FIG. 77B is a side view showing the proximal portion 
of the shaft of the applicator shown in FIG. 77A; 
FIG. 78A is a partially sectional side view of the intra- 45 
cavity applicator incorporated in a medical appara- 
tus according a fifty-sixth embodiment of the present 
invention; 

FIG. 78B is a side view showing the proximal portion 
of the shaft of the applicator shown in FIG. 78A; 50 
FIG. 79A is a partially sectional side view of the irrtra- 
cavity applicator incorporated in a medical appara- 
tus according a fifty-seventh embodiment of this 
invention; 

FIG. 79B is a side view showing the proximal portion 55 
of the shaft of the applicator shown in FIG. 79A; 
FIG. 79C is a side view of the radiotherapeutic 
instrument used in the fifty-seventh embodiment; 



FIG. 80 A is a partially sectional side view of the intra- 
cavity applicator incorporated in a medical appara- 
tus according a fifty-eighth embodiment of this 
invention; 

FIG. 80B is a side view showing the proximal portion 
of the shaft of the applicator shown in FIG. 80A; 
FIG. 81 A is a partially sectional side view of the intra- 
cavity applicator incorporated in a medical appara- 
tus according a fifty-ninth embodiment of the present 
invention; 

FIG. 81 B is a side view showing the proximal portion 
of the shaft of the applicator shown in FIG. 81 A; 
FIG. 82A is a partially sectional side view of the intra- 
cavity applicator incorporated in a medical appara- 
tus according a sixtieth embodiment of the invention ; 
FIG. 82B is a side view showing the proximal portion 
of the shaft of the applicator shown in FIG. 82A; 
FIG. 83 is a diagram explaining how a medical appa- 
ratus according to a sixty-first embodiment of the 
invention is used; 

FIG. 84 is a perspective view showing the mouth- 
piece and the stopper, both used in the medical 
apparatus according to the sixty-first embodiment; 
FIG. 85 is a diagram explaining how a medical appa- 
ratus according to a sixty-second embodiment of the 
invention is used; 

FIG. 86 is a perspective view of the applicator holder 
used in the medical apparatus shown in FIG. 85; 
FIG. 87A is a perspective view of the contrast- 
medium supplying means incorporated in a medical 
apparatus according to a sixty-third embodiment; 
and 

FIG. 87B is a perspective view of another type of 
contrast-medium supplying means for use in the 
sixty-third embodiment. 

Embodiments of the present invention will be 
described with reference to the accompanying drawings. 

FIGS. 1 , 2A f 2B and 3 show the first embodiment of 
the invention. To be more specific, FIG. 1 is schematic 
representation of a medical apparatus which has a ther- 
motherapeutic applicator. 

As shown in FIG. 1, the medical apparatus has a 
thermotherapeutic applicator, a high-frequency oscilla- 
tor 3, a cooling water circulating unit 4, radiotherapeutic 
applicators 5, and a radiotherapeutic unit 6. The thermo- 
therapeutic applicator is comprised of an extracorporeal 
applicator 1 and a superficial applicator 2. The extracor- 
poreal applicator 1 is mounted on a patient. The super- 
ficial applicator 2 is smaller than the extracorporeal 
applicator 1 but large enough to reliably heat an affected 
part of the patient, such as tumor 7. The applicators 1 
and 2 are connected to the high-frequency oscillator 3 
and also to the cooling water circulating unit 4. 

The superficial applicator 2 will be described in 
detail, with reference to FIGS. 2A and 2B. FIG. 2A is a 
sectional side view of the applicator 2, and FIG. 2B is a 
side view of the applicator 2, as viewed in the direction 
of arrow A (FIG. 2A). 
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As is seen from FIG. 2A, the superficial applicator 2 
has a main body 22 and a balloon 1 0. The main body 22, 
or thick-wall receptacle 22 contains an electrode 8. The 
electrode 8 is electrically connected to the high-fre- 
quency oscillator 3 by an electrode wire 9a. The balloon 
10 is provided on that side of the receptacle 22 which 
may contacts a patient's body surface. The balloon 10 is 
connected to the cooling water circulating unit 4 by a 
cooling tube 11a which extends through the thick-wall 
r ceptacle 22. 

The cooling tube 1 1 a has a water supplying passage 
and a water discharging passage. Through the water 
supplying passage the cooling water is supplied from the 
cooling water circulating unit 4 into the balloon 10. 
Through the water discharging passage the cooling 
water is returned from the balloon 10 back into the cool- 
ing water circulating unit 4. 

The cooling water circulating unit 4, the water sup- 
plying passage, the balloon 1 0 and the water discharging 
passage constitute a loop. It is through this loop that the 
cooling water is circulated through during the use of the 
thermotherapeutic applicator including the superficial 
applicator 2. While flowing through the cooling tube 1 1 a, 
the water cools the electrode 8 contained in the recep- 
tacle 22 because the tube 1 1 a extends through the thick- 
wall receptacle 22. Since the electrode 8 is thus cooled, 
it would not cause a burn at the body surface on which 
the receptacle 22 containing the electrode 8 is mounted. 

On the balloon 10 there is mounted a temperature 
sensor 50, which is connected by a signal line 51 to, for 
example, a control device (not shown). The control 
device is designed to control the high-frequency oscilla- 
tor 3 and the cooling water circulating unit 4 in accord- 
ance with a signal which is supplied via the signal line 
51 from the temperature sensor 50 and which represents 
the temperature the sensor 50 has detected. 

The superficial applicator 2 has a plurality of through 
holes 12. The holes 12 have a diameter large enough to 
allow the passage of the radiotherapeutic applicators 5. 

As shown in FIG. 1 , the radiotherapeutic applicators 
5 are connected to the radiotherapeutic unit 6. Each radi- 
otherapeutic applicator 5 has a pointed tip 5a as is illus- 
trated in FIG. 2A. Each applicator 5 is a tubular member, 
into which a radiation source 13 can be supplied from 
the radiotherapeutic unit 6. 

Like the superficial applicator 2, the extracorporeal 
applicator 1 contains an electrode (not shown). This 
electrode is electrically connected to the high-frequency 
oscillator 3 by an electrode wire 9b. The extracorporeal 
applicator 1 has a cooling water passage (not shown), 
which is connected to the cooling water circulating unit 
4 by a cooling water tube 11b. 

It will now be explained how to use the thermother- 
apeutic applicator to conduct thermotherapy on the 
tumor 7. At first, the extracorporeal applicator 1 and the 
superficial applicator 2 are secured to the patient. The 
applicators 1 and 2 are located, opposing each other 
such that the tumor 7 is positioned between them. If the 
tumor 7 is present near the body surface, the superficial 



applicator 2 is located above the tumor 7 as shown in 
FIG. 3, with the balloon 10 set in contact with the body 
surface. 

Next, the radiotherapeutic applicators 5 are passed 

5 through the holes 12 of the superficial applicator 2, until 
their pointed tips 5a pierce into the tumor 7. This done, 
the high-frequency oscillator 3 is driven, supplying a 
high-frequency current to the electrode 8 of the thermo- 
therapeutic applicator 2. The current flows between the 

10 electrode 8 of the applicator 2 and that (not shown) of 
the extracorporeal applicator 1. As a result, the current 
flows through the tumor 7 located between these elec- 
trodes. The tumor 7 is thereby heated. 

During the thermotherapy thus performed, the cool- 

is ing water is circulated in the balloon 1 0 by means of the 
cooling water circulating unit 4, preventing the patient 
from suffering a burn at the body surface. At any desira- 
ble time, before, during or after the thermotherapy, radi- 
otherapy is carried out, too. To state precisely, radiation 

20 sources 1 3 are introduced from the radiotherapeutic unit 
6 into the radiotherapeutic applicators 5 as is illustrated 
in FIG. 3. The source in each applicator 5 emits radiation, 
which is applied in the tumor 7. 

Thus, the medical apparatus according to the first 

25 embodiment of the invention enables a surgeon to per- 
form thermotherapy and radiotherapy at the same time 
and. hence, to treat an affected part of a patient effec- 
tively. 

In addition, the thermotherapeutic applicator can 
30 supply the high-frequency current concentratedly to the 
tumor 7, thereby heating the tumor 7 but not any unaf- 
fected tissues near the tumor 7. This is because, as men- 
tioned above, the thermotherapeutic applicator is 
smaller than the superficial applicator 2 but large enough 
35 to reliably heat the tumor 7 entirely. 

FIG. 4 shows the second embodiment of the present 
invention. More correctly, it shows the superficial appli- 
cator 2a which is provided in another medical apparatus 
according to the invention. 
40 The superficial applicator 2a differs from its counter- 
part of the first embodiment (FIGS. 1, 2A, 2B and 3), in 
two respects. First, as shown in FIG. 4, the through holes 
12 extend slantwise to guide the radiotherapeutic appli- 
cators 5 into the tumor 7 along inclined paths. Secondly, 
45 the electrode wire 9a and the node of the water supplying 
tube 1 1a 1 and the water discharging tube 1 1a 2 are on 
that side of the applicator 2a which faces away from the 
side to contact the tumor 7 (i.e., the side on which the 
balloon 10 is provided). The wire 9a or the tubes 1 '\a< i 
50 and 1 1a 2 do not hinder the insertion of the radiothera- 
peutic applicators 5 though the holes 12 into the tumor 7. 

The components of the second embodiment, other 
than the superficial applicator 2a, are essentially identi- 
cal in structure to those of the first embodiment (including 
55 the extracorporeal applicator 1). 

The second embodiment is advantageous over the 
first embodiment in two respects. First, inserted slant- 
wise with respect to the tumor 7, the radiotherapeutic 
applicators 5 can apply radiation to a more limited region 
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within the tumor 7, by using the same number of radiation 
sources 13 as in the first embodiment. Second, the posi- 
tion of each radiation source 13 can be changed in the 
radiotherapeutic applicator 5, which is inserted into the 
tumor 7 slantwise, not vertically, as shown in FIG. 4. 
Hence, the radiation sources 13 may first located in the 
distal ends of the applicators 5, emitting radiation to an 
inner part of the tumor 7, and then moved toward the 
proximal ends of the applicator 5, emitting radiation to a 
near-surface part of the tumor 7. Thus, the tumor 7 can 
be heated, first at the inner part and then at near-surface 
part. 

FIG. 5 illustrates the third embodiment of the present 
invention. To be more precise, FIG. 5 shows the super- 
ficial applicator 2b which is provided in another medical 
apparatus according to the invention. 

The superficial applicator 2b differs from its counter- 
part of the first embodiment (FIGS. 1 , 2A, 2B and 3) . The 
applicator 2b comprises a cup-shaped support 14, an 
applicator body 22a fastened to the bottom of the support 
14, an electrode 8 contained in the body 22a, and a bal- 
loon 10 provided on that side of the receptacle 22 which 
may contact a patient's body surface. The balloon 10 is 
exposed to the interior of the cup-shaped support 1 4 and 
positioned so as to contact the top of a tumor 7 when 
support 14 covers the tumor 7. The support 14 has 
through holes 12 in its circumferential wall. Through 
these holes 12 the radiotherapeutic applicators 5 can be 
inserted into the tumor 7. 

The components of the third embodiment, other than 
the superficial applicator 2b. are basically the same in 
structure as those of the first embodiment (including the 
extracorporeal applicator 1). 

The superficial applicator 2b is used in the following 
way to accomplish thermotherapy and radiotherapy 
simultaneously. The applicator 2b is positioned such that 
the cup-shaped support 14 covers the tumor 7. and the 
balloon 10 is thereby set in contact with the top of the 
tumor 7. Thereafter, the medical apparatus is operated 
in the same manner as the first embodiment, whereby 
both thermotherapy and radiotherapy are conducted on 
the tumor 7 at the same time. 

The superficial applicator 2b enables a surgeon to 
simultaneously perform radiotherapy and thermother- 
apy, effectively treating the tumor 7 which is prominently 
bulbous. 

FIGS. 6A and 6B show the fourth embodiment of this 
invention. To be more specific. FIG. 6A is a sectional side 
view of the superficial applicator 2c provided in a medical 
apparatus which is the fourth embodiment, and FIG. 6B 
shows the applicator 2c as viewed from a balloon 10. 

The superficial applicator 2c differs in structure from 
its counterparts of the first to third embodiments (FIGS. 
1-3. FIG. 4 and FIG. 5). As shown in FIGS. 6A and 6B, 
the superficial applicator 2c has through holes 12 con- 
centratedly in its center part and contains an electrode 
8 which is far larger than the center part. 



The components of the fourth embodiment, other 
than the superficial applicator 2b, are basically the same 
in structure as those of the first embodiment. 

In practice, several superficial applicators identical 

5 in structure to the applicator 2c but different in the size 
of the center part having the holes 12 are provide, and 
the surgeon selects one whose center part is as large as 
the tumor 7 on which to apply radiotherapy. While radia- 
tion is being applied from the radiation sources 13 in the 

10 radiotherapeutic applicators 5 onto the tumor 7, the elec- 
trode 8 supplies a high-frequency current to a region 15 
in which the tumor 7 and neighboring tissues exist. 

The superficial applicator 2c enables the radiother- 
apeutic applicators 5 to apply radiation to the entire 

15 tumor 7, and the electrode 8 supplies the high-frequency 
current to the region 1 5, heating not only the tumor 7 but 
also the tissues near the tumor 7. Thus, thermotherapy 
can be conducted on the tumor 7, even at the surface 
portion thereof which is usually hard to be heated suffi- 
ce ciently. In other words, no part of the tumor 7 remains 
not completely subjected to thermotherapy. Although the 
region 15 receiving the high-frequency current from the 
electrode 8 is relatively large, the unaffected tissues 
present near the tumor 7 are not damaged by the high- 

25 frequency current because they are resistant to heat 
unlike the tumor 7 which is an affected tissue. 

FIG. 7 illustrates the fifth embodiment of this inven- 
tion. To put it more precisely. FIG. 7 shows the major 
components of the intra-cavity applicator 16 incorpo- 

30 rated in a medical apparatus which is the fifth embodi- 
ment. The applicator 16 is devised to heat a tubular 
organ, particularly the rectum. 

As shown in FIG. 7, the intra-cavity applicator 1 6 has 
a flexible insertion section 18. An electrode 19 is wound 

35 around the distal end of the insertion section 1 8, forming 
a coil. The electrode 19 is electrically connected to the 
high-frequency oscillator 3 by an electrode wire which 
extends through the insertion section 19. 

A balloon 20 is mounted on the distal end of the 

40 insertion section 18. surrounding the electrode 19. The 
insertion section 1 8 has a hole (not shown) for supplying 
and discharging cooling water. Cooling water flows 
through this hole into and out of the balloon 20. The hole 
communicates with the cooling water circulating unit 4 of 

45 the type shown in FIG. 1 . The cooling water can therefore 
flows back and forth, between the cooling water circulat- 
ing unit 4 and the balloon 20. 

A pair of applicator supports 17 protrude sideways 
from the insertion section 1 8, at the back of the balloon 

so 20. The supports 1 7 abut on the entrance to the tubular 
organ when the insertion section 18 is inserted into a 
tubular organ. Thus, the supports 17 prevent a further 
insertion of the section 18 into the tubular organ. Each 
support 1 7 has a plurality of through holes 1 2 for guiding 

55 the radiotherapeutic applicators 5. 

It will be explained how the intra-cavity applicator 16 
is used to treat a tumor 7 on the rectum. 

At first, the insertion section 18 is inserted into the 
rectum through the anus 40 until the entire electrode 19 
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is located in the rectum, in this condition, the cooling 
wafer is pumped from the cooling water circulating unit 
4 into the balloon 20, inflating the balloon 20. As a result 
the balloon 20 comes into contact with the tumor 7, thus 
positioning the insertion section 18 in the rectum. The 
cooling water is continuously circulated in the hole for 
supplying and discharging the cooling water, whereby 
the muscous membrane is prevented from heated to an 
excess. 

At this time, the supports 17 abut the body surface, 
at a position near the anus 40. Then, the radiotherapeutic 
applicators 5 are inserted into the tumor 7 through the 
holes 12 of the supports 17. Having a pointed dip 5a, 
each applicator 5 can smoothly pierce into the tumor 7. 
Thereafter, the medical apparatus is operated in the 
same manner as the first embodiment, whereby both 
thermotherapy and radiotherapy are performed on the 
tumor 7 at the same time. 

Namely, the intra-cavity applicator 16 enables a sur- 
geon to simultaneously perform radiotherapy and ther- 20 
motherapy on not only the rectum but also any other 
tubular organ existing near the body surface. 

FIGS. 8 and 9 show the sixth embodiment of this 
invention, more correctly the thermotherapeutic applica- 
tor 60 incorporated in a medical apparatus according to 25 
the sixth embodiment. 

As seen from FIG. 8, the thermotherapeutic applica- 
tor 60 has a main body 61 which comprises a shaft 61a 
and an electrode support 61b coupled to the distal end 
of the shaft 61 a. The shaft 61 a is made of a soft material 30 
such as silicone rubber. The electrode support 61b is 
made of silicon rubber or the like, too. Embedded in the 
electrode support 61b is an electrode 62 for supplying a 
high-frequency current. The electrode 62 is, for example, 
a copper plate. 35 

A radiation source tube 63, a coolant supplying tube 
66, a coolant discharging tube 67, a RF supplying line 
68, and a signal supplying line 69 extend through the 
shaft 61a. The RF supplying line 68 is connected at its 
distal end to the electrode 62 which is provided to supply 40 
a high-frequency current. The proximal end of the RF 
supplying line 68 extends outwards from the proximal 
end of the shaft 61a. The proximal end of the RF supply- 
ing line 68 is connected to a RF connector 68a. It is 
through the RF supplying line 68 that radio-frequency 45 
(RF) power is supplied to the electrode 62. 

The radiation source tube 63 is made of material 
having a small friction coefficient, such as fluororesin. 
The tube 63 has its distal end portion inserted in the elec- 
trode support 61 b. The proximal end portion of the tube so 
63 extends outwards from the proximal end of the shaft 
61a. The proximal end of the radiation source tube 63 is 
connected to a radiation source connector 63a, which 
can be connected to a radiation source remote-controller 
71. 55 

One side of the electrode support 61b is covered 
with a thin film 64 made of, for example, silicone rubber. 
The interior of the thin film 64, communicates with the 
distal end of the coolant supplying tube 66 and that of 



the coolant discharging tube 67. The proximal end por- 
tion of the coolant supplying tube 66 protrudes outwards 
from the proximal end of the shaft 61a. A coolant inlet 
connector 66a is mounted on the proximal end of the 
5 coolant supplying tube 66. The proximal end portion of 
the coolant discharging tube 67 protrudes outward from 
the proximal end of the shaft 61a. The proximal end of 
the shaft 61 a is connected to a coolant outlet connector 
67a. Coolant such as purified water is supplied into the 
10 interior of the thin film 64 through the coolant supplying 
tube 66, and is discharged from thin film 64 through the 
coolant discharging tube 67. 

Temperature sensors 65a and 65b, each having a 
sensing point, are provided on the thin film 64. The tem- 
is perature sensors 65a and 65b are connected to the distal 
ends of the signal supplying line 69. The proximal end 
portion of the line 69 extends outwards from the proximal 
end of the shaft 61a. On the proximal end of the line 69 
there is mounted a temperature sensor connector 69a 
FIG. 9 is a longitudinal sectional view of the elec- 
trode support 61b. As shown in FIG. 9, the radiation 
source tube 63 contains a radiation source 73 introduced 
thereinto by operating the radiation source remote-con- 
troller 71 (FIG. 8). 

To use the thermotherapeutic applicator 60, the 
coolant inlet connector 66a, the coolant outlet connector 
67a, the RF connector 68a and the temperature sensor 
connector 69a are connected to a thermotherapeutic 
device (not shown). The thermotherapeutic device incor- 
porates a cooling water circulating unit, a RF source and 
various drive units, which are not shown. The electrode 
support 61b of the thermotherapeutic applicator 60 is 
attached to the patient, with the thin film 64 contacting 
the body surface. An electrode (not shown) is also 
attached to the patient, to oppose the electrode 62 held 
within the support 61b. This electrode is connected to 
the thermotherapeutic device. Thermotherapy can then 
be performed on a tumor present in the body surface of 
the patient. 

The radiation source remote-controller 71 is oper- 
ated, introducing the radiation source 73 from the radia- 
tion source connector 63a into the distal end portion of 
the radiation source tube 63. Therefore, radiotherapy is 
conducted on the tumor, along with the thermotherapy. 

The medical apparatus according to the sixth 
embodiment can therefore enable a surgeon to simulta- 
neously perform thermotherapy by using electromag- 
netic waves and radiotherapy by using the radiation 
source 73. on a tumor present in the body surface of a 
patient. The tumor can be treated effectively within a 
short time, not inflicting much pain on the patient. 

FIG. 10 shows the seventh embodiment of the 
present invention. To be more specific, FIG. 10 is a side 
view of the thermotherapeutic applicator used in a med- 
ical apparatus which is the seventh embodiment This 
applicator is a modification of the thermotherapeutic 
applicator (FIGS. 8 and 9) of the sixth embodiment As 
shown in FIG. 10. the thermotherapeutic applicator has 
three radiation source tubes 81 a, 81 b and 81c. The tubes 
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81a to 81c extends through a shaft 61a, and their distal 
end portions are provided in a electrode support 61b, 
extending parallel to one another. 

The proximal end portions of the radiation source 
tubes 81a to 81 c extend outwards from the proximal end s 
of the shaft 61a. Mounted on the proximal ends of the 
tubes 81a to 81c are radiation source connectors 82a, 
82b and 82c which can be connected to a radiation 
source remote-controller 71 of the same type shown in 
FIG. 8. The sensing section of a temperature sensor 83 10 
is provided in the distal end portion of the tube 81 b which 
is located in the middle part of the electrode support 61b. 

Except for the features described above, the ther- 
motherapeutic applicator of the seventh embodiment is 
identical to that of the sixth embodiment, which is shown is 
in FIGS. 8 and 9. 

Having three radiation source tubes 81a to 81c, the 
applicator can apply radiation to a larger region in a 
tumor, than can the applicator 60 which has only one 
radiation source tube 63 only if all tubes 81a to 81 c con- 20 
tain a radiation source 73 each. One, two or all of the 
tubes 81a to 81c may contain a radiation source each, 
to distribute the radiation in three different manners in an 
affected part of a patient. This also helps to treat the 
affected part effectively. 25 

In order to apply radiation in uniform dose in a large 
region, it is desirable that the tubes 81a to 81c be 
arranged at intervals of about 5 to 15 mm. The number 
of radiation source tubes is not limited to three. Rather, 
the thermotherapeutic applicator may have two radiation 30 
source tubes or more than three radiation source tubes. 

FIG. 1 1 shows the eight embodiment of the present 
invention. More correctly, it illustrates the major compo- 
nents of the thermotherapeutic applicator incorporated 
in a medical apparatus which is the eighth embodiment. 3s 
As may be understood from FIG. 11, the applicator is 
identical to the thermotherapeutic applicator of the sev- 
enth embodiment, except that the distal end portions of 
the radiation source tubes 81 a to 81 c extend in the elec- 
trode support 61 b - not parallel to one another. 40 

The distal end portion of the tube 81 b extends along 
the axis of the shaft 61a. On the other hand, the distal 
end portions of the tubes 81a and 81c are inclined to the 
axis of the shaft 61a, gradually flaring away from the shaft 
61 a toward their distal ends. 45 

The thermotherapeutic applicator of the seventh 
embodiment is advantageous in three respects. First, it 
can distribute radiation in high density when radiation 
sources are located in the proximal parts of the radiation 
source tubes 81 a to 81 c, because the proximal parts of so 
the tubes 81 a to 81 c are arranged at short intervals. Sec- 
ondly, the applicator can distribute radiation in low den- 
sity when radiation sources are located in the distal parts 
of the radiation source tubes 81a to 81c. because the 
distaJ parts of the tubes 81a to 81c are arranged at long 55 
intervals. Thirdly, the radiation sources may be moved in 
the respective tube 81a to 81c, between the distal and 
proximal end of each tube, to thereby change the distri- 
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bution of radiation to any type desired. This serves to 
enhance the effect of therapy. 

FIG. 12 shows the ninth embodiment of the present 
invention. More precisely, it illustrates the major compo- 
nents of the thermotherapeutic applicator incorporated 
in a medical apparatus which is the ninth embodiment. 
The applicator is a modification of the thermotherapeutic 
applicator (FIG. 10) of the seventh embodiment 

As seen from FIGL 12, the sensing section of the 
temperature sensor 87 is positioned in the middle part 
of the electrode support 61b. Two radiation source tubes 
86a and 86b are provided in the support 61 b, located on 
the sides of the temperature sensor 87. The distal end 
portions of the extend parallel to each other, not overlap- 
ping within the electrode support 61b. Except for this fea- 
ture, the thermotherapeutic applicator is identical to its 
counterpart (FIG. 10) of the seventh embodiment. 

Since the temperature sensor 87 is not located 
between the affected part of a patient and the radiation 
sources 73 contained in the tubes 86a and 86b, the radi- 
ation emitted from the sources 73 is not blocked by the 
temperature sensor 87. In addition, the radiation emitted 
from the sources 73 can be distributed in the affected 
part in uniform density, thereby improving the efficiency 
of therapy. 

A radiation source 73 need not be introduced into 
both radiation source tubes 86a and 86b. It may be intro- 
duced into only one of the tubes 86a and 86b. 

FIG. 13 illustrates the tenth embodiment of this 
invention. To state it more specifically, it shows the major 
components of the thermotherapeutic applicator incor- 
porated in a medical apparatus which is the tenth embod- 
iment. The applicator is a modification of the 
thermotherapeutic applicator (FIG. 10) of the seventh 
embodiment. 

Like the applicator of the seventh embodiment, the 
thermotherapeutic applicator has three radiation source 
tubes 88a, 88b and 88c which extend through the shaft 
61a as illustrated in FIG. 13. The distal end portions of 
the tubes 88a to 88c extend parallel in the electrode sup- 
port 61b. 

Two temperature sensors 89a and 89b are mounted 
on the electrode support 61b, not overlapping the radia- 
tion source tubes 88a to 88c. The first temperature sen- 
sor 89a extends to the distal end of the support 61b to 
detect the temperature of the distal end portion of the 
support 61b. The second temperature sensor 89b is 
shorter than the first temperature sensor 89a and posi- 
tioned to detect the temperature of the proximal end por- 
tion of the electrode support 61b. Except for these 
features, the thermotherapeutic applicator is identical to 
its counterpart (FIG. 10) of the seventh embodiment. 

The thermotherapeutic applicator of the tenth 
embodiment can therefore achieve the same advan- 
tages as that of the seventh embodiment. The radiation 
source tubes 88a to 88c need not be arranged parallel 
to each other if the temperature sensors 89a and 89b do 
not overlap in the space between the radiation sources 
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73 on the one hand and the affected part of the patient 
on the other. 

FIG. 14 shows a medical apparatus according to the 
eleventh embodiment of this invention, which has a ther- 
motherapeutic applicator designed to apply thermother- 5 
apy on women's breasts. 

Hie thermotherapeutic applicator is identical to its 
counterpart of the first embodiment, except that it has 
two superficial applicators 2d as illustrated in FIG. 14. 
Each superficial applicator 2d has a plurality of holes 1 2 io 
in one side. The holes 12 extend parallel to one another. 
Radiotherapeutic applicators of the same type shown in 
FIG. 1 can be inserted into the holes 12, but not into the 
patient's breast 70. 

The thermotherapeutic applicator is used to treat a is 
tumor 7 which exists at a relatively deep position in the 
woman's breast 70. To treat the tumor 7, the superficial 
applicators 2d are positioned, clamping the patient's 
breast 70. Using both superficial applicators 2d, a sur- 
geon applies heat to the tumor 7 within the patient's 20 
breast 70. 

When the radiotherapeutic applicators are inserted 
in the holes 12 of the superficial applicators 2d, the sur- 
geon can perform radiotherapy on the patient's breast 70 
without piercing the radiotherapeutic applicators into the 25 
breast 70 at the same time he or she carries out ther- 
motherapy on the breast 70. 

FIGS. 15A and 15B illustrate a thermotherapeutic 
applicator incorporated in a medical apparatus accord- 
ing to the twelfth embodiment of the invention. 30 

As FIGS. 1 5A and 1 5B show, the thermotherapeutic 
applicator comprises a superficial applicator 2d and an 
extracorporeal applicator 21, which are to clamp the 
breast 70 of a female patient. The extracorporeal appli- 
cator 21 is an electrode which is larger than that of the 35 
superficial applicator 2d. Designed to treat a tumor in the 
woman's breast, the applicator 21 has a smaller contact- 
ing area than the extracorporeal applicator 1 of the first 
embodiment. Only the superficial applicator 2d has holes 
12 into which radiotherapeutic applicators are to be 40 
inserted. 

The thermotherapeutic applicator of the twelfth 
embodiment is used to treat a tumor 7 present in the sur- 
face of the woman's breast 70. To treat the tumor 7, the 
superficial applicator 2d is placed on that portion of the 45 
breast 70 in which the tumor 7 is present, and the extra- 
corporeal applicator 21 is placed on that portion of the 
breast 70 which opposes the tumor 7. Thus, the applica- 
tors 2d and 21 clamp the patient's breast 70 between 
them. so 

As in the fist embodiment, heat is cohcentratedly 
applied to that portion of the breast 70 which contacts 
the superficial applicator 21. Therefore, the medical 
instrument enables a surgeon to conduct effective ther- 
motherapy and radio therapy on the tumor 7 at the same 55 
time, without excessively heating the normal tissues sur- 
rounding the tumor 7 in the breast 70 or exposing the 
normal issues to radiation. 



FIGS. 16A and 16B show a medical apparatus 
according to the thirteenth embodiment of the present 
invention. More precisely, they show the superficial appli- 
cator 2e. 

As shown in FIG. 16A, the superficial applicator 2e 
is shaped like a ring, to be mounted on the breast 70 of 
a female patient. Two electrodes 23 and 24, both in the 
form of letter C, are embedded in the superficial applica- 
tor 2e. The electrodes 23 and 24 are electrically insulated 
by insulating members 22 which are interposed between 
the opposing ends of the electrodes 23 and 24. The elec- 
trodes 23 and 24 are connected to a high-frequency 
oscillator 3. 

The superficial applicator 2e has a balloon 1 0 on the 
inner circumferential surface. Cooling water tubes 25 an 
26 are connected at one end to the balloon 1 0 and at the 
other end to a cooling water circulating unit 4. Cooling 
water is supplied from the unit 4 into the balloon 10 
through the tube 25 and discharged from the balloon 1 0 
back into the unit 4 through the tube 26. The applicator 
2e has holes 12 in one side, into which radiotherapeutic 
applicators can be inserted. Except for these features, 
the superficial applicator 2e is exactly the same as its 
counterpart 2 of the first embodiment (FIGS. 1 to 3). 

When used, the superficial applicator 2e surrounds 
the breast 70 and serves to conduct thermotherapy and 
radiotherapy simultaneously on the entire breast 70. 
Thus, the applicator 2e enables a surgeon to perform . 
efficiently, particularly in the case where a large tumor 7 
is present in the patient's breast 70. 

A medical apparatus which is the fourteenth embod- 
iment of the present invention will be described, with ref- 
erence to FIGS. 1 7, 18A, 18B, 1 9, 20A to 20E and 21 . 

FIG. 1 9 is a schematic representation of this medical 
apparatus 101 which is installed in an operating room 
103. As seen from FIG. 19, the room 103 is electromag- 
netically shielded from any other room by radiation- 
shielded walls 103a. Installed also in the operating room 
1 03 is a bed or an operating table 1 04, on which a patient 
105 lies. 

As shown in FIG. 19. the medical apparatus 101 
comprises an intra-cavity applicator 102, an extracorpor- 
eal applicator 108. a hyperthermia device 109, a radio- 
therapeutic device 110, and a racOotherapy controller 
113. The applicators 108 and 109, both fixed to the 
patient 105, are connected to the hyperthermia device 
109 by cables and tubes 111. A radiation source tube 
112 is connected at its proximal end to the radiothera- 
peutic device 1 1 0. The radiotherapy controller 1 1 3 is pro- 
vided outside the operating room 103 and connected to 
the radiotherapeutic device 110. 

The intra-cavity applicator 102 comprises an inser- 
tion section 106 and a proximal section 107. The inser- 
tion section 1 06 can be inserted into a body cavity of the 
patient 102. The proximal section 107 is coupled to the 
proximal end of the insertion section 106. 

FIG. 17 shows the major components of the intra- 
cavity applicator 102. The insertion section 106 of the 
applicator 1 02 comprises a flexible shaft 1 1 5. As shown 
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in FIG. 18A, the shaft 1 15 has a radiation source pas- 
sage 116 which extends parallel to the axis . The shaft 
1 1 5 has a multi-lumen structure. Four parallel iumina 117 
to 120 are provided in the circumferential surface of the 
shaft 115 and extend parallel to the axis thereof. The 5 
four Iumina 1 17 to 120 are used as a cooling water sup- 
plying passage 11 7, a cooling water discharging pas- 
sage 1 18. a temperature sensor guiding hole 119, and 
an electrode cable passage 120. 

The Iumina 117 to 120 need not take the positions 
specified in FIG. 18A. Rather, they may be arranged at 
other positions, as long as each has ends opening at the 
distal and proximal ends of the shaft 115, respectively. 
Likewise, the radiation source passage 116 need not 
assume the position shown in FIG. 18A; it may take a 
different position, so long as it extends parallel to the axis 
d of the shaft 115. 

The proximal end of the intra-cavity applicator 102 
has five openings 1 16a to 120a, which are the proximal 
ends of the radiation source passage 1 1 6, cooling water 
supplying passage 117, cooling water discharging pas- 
sage 118, temperature sensor guiding hole 119, and 
electrode cable passage 120. A water supplying tube 
1 21 is connected at the distal end to the opening 1 1 7a 
of the cooling water supplying passage 1 1 7. A water dis- 
charging tube 122 is connected at the distal end to the 
opening 1 18a of the cooling water discharging passage 
1 18. A temperature sensor cable 1 23 is inserted into the 
opening 1 1 9a, an electrode cable 1 24 is inserted into the 
opening 120a, and a radiation source guiding tube 1 12 
is inserted into the opening 1 1 6a. 

As illustrated in FIG. 17, a high-frequency electrode 

125 is coiled around the distal end portion of the shaft 
1 15. A balloon 126 is mounted on the distal end portion 
of the shaft 115, covering the high-frequency electrode 
125. The electrode 125 is not limited to a coiled one. It 
may be replaced by a mesh electrode or a plate-like elec- 
trode 

The balloon 126 is made of an elastic sheet and 
secured at its front end to the distal end portion of the 
shaft 115, and at its rear end to the proximal end portion 
of the shaft 1 15. The distal end portion of the shaft 115 
is located in front of the high-frequency electrode 125, 
and the proximal end portion thereof is located at the 
back of the electrode 125. 

The intra-cavity applicator 102 has four openings 
1 17b to 120b in the circumferential surface of its distal 
end portion. The openings 1 1 7b to 1 20b are the proximal 
ends of the cooling water supplying passage 117, cool- 
ing water discharging passage 1 1 8, temperature sensor 
guiding hole 119, and electrode cable passage 120. Of 
these openings, the openings 1 1 7b. 11 8b and 1 20b open 
to the interior of the balloon 126. The cooling water is 
supplied into the balloon 126 through the cooling water 
supplying passage 117 and discharged from the balloon 

1 26 through the cooling water discharging passage 1 18. 
Thus, the cooling water is circulated in the balloon 126. 

An electrode cable 124 extends through the elec- 
trode cable passage 120. The distal end portion of the 
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cable 124 projects into the balloon 126 from the opening 
120b of the electrode cable passage 120. The electrode 
cable 124 is connected at its distal end to the high-fre- 
quency electrode 125. 

The opening 1 1 9a of the temperature sensor guiding 
hole 1 1 9 opens to the exterior of the balloon 1 26. A tem- 
perature sensor cable 123 extends through the hole 119 
and is connected at its distal end to a temperature sensor 
127. The distal end portion of the cable 123 protrudes 
through the opening 1 19a from the shaft 1 15, at a posi- 
tion in front the balloon 1 26. The temperature sensor 1 27 
is mounted on the balloon 126; it is, for example, a ther- 
mocouple, a temperature sensor having a platinum ele- 
ment, an optical-fiber temperature sensor, a thermistor, 
or the like. 

Inserted in the radiation source passage 1 16 of the 
shaft 1 15 is a radiation source tube 112 which contains 
a radiation source 1 28. As shown in FIG. 1 7, the radiation 
source 128 is located in the middle part of that heating 
section of the shaft 115, around which the high-fre- 
quency electrode 125 is wound. 

The radiation source passage 1 16 need not extend 
to the distal end of the shaft 1 1 5. Rather, it may extends 
only to a position where the radiation source 128 is 
located to oppose the balloon 1 26. In this case, the shaft 

115 has no opening at its distal end at all. The the radi- 
ation source 128 is automatically set at that position 
when the radiation source tube 1 12 is inserted into the 
passage 116 until its distal end abuts on the closed end 
of the passage 1 1 6. Since the radiation source passage 

1 16 extends not along the axis O1 of the shaft 1 15 but 
parallel thereto, the radiation source 128 can be located 
near the tumor, when moved along the circumferential 
surface of the shaft 1 15 by rotating the shaft 115. 

Hence, sufficiently intense radiation can be applied 
to the tumor. 

It will be explained how the medical apparatus 
according to the fourteenth embodiment is used in the 
operating room 103 which is electromagnetically 
shielded from any other room by radiation-shielded walls 
103a as shown in FIG. 19. At first, the water supplying 
passage 117 and the water discharging tube 122 are 
evacuated. The cooling water is thereby drawn from the 
balloon 1 1 , deflating the balloon 1 26. Then, the insertion 
section 106 of the intra-cavity applicator 102 is inserted 
into the body cavity of the patient 105. The radiation 
source tube 1 1 2 is inserted into the passage 116, either 
before or after the insertion section 106 is inserted into 
the body cavity. 

After the insertion section 106 is inserted into the 
body cavity, cooling water is supplied into and circulated 
in the balloon 126. The balloon 126 is thereby inflated 
and comes into contact with the inner surface of the body 
cavity. As a result of this, the distal end portion of the 
intra-cavity applicator 102 is held steadfastly in the body 
cavity. 

The intra-cavity applicator 102 can be inserted into 
the esophagus H 2 of a patient via the mouth Hi, as is 
shown in FIG. 20A. The applicator 102 may be inserted 
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into the S-coIon H 5 or the colon H 6 through the rectum 
H4, as is illustrated in FIG. 20B. The applicator 102 may 
be inserted into the bile duct H 8 of a patient which is 
located in the vicinity of the lever H 7 , as is illustrated in 
FIG. 20C. Further, the applicator 102 may be inserted 5 
into the trachea H 9 and bronchus H ni of a patient, both 
located near the lung H 10 , as is shown in FIG. 20D. Still 
further, the applicator 102 may be inserted into the blad- 
der H 13 and prostate H 14 through the urethra H 12 , as is 
illustrated in FIG. 20E. Moreover, the applicator 1 02 may 10 
be inserted into the uterus H 16 through the vagina H 15 , 
as is shown in FIG. 21 . 

The insertion section 106 of the intra-cavity applica- 
tor 102 is inserted into the body cavity and held at the 
affected part to be treated. The applicator 102 is then 15 
used to conduct thermotherapy and radiotherapy on the 
affected part. The order of the therapy steps differs in 
accordance with the protocol chosen by the surgeon who 
uses the medical apparatus 101 . 

It will explained how the apparatus 101 is used to 20 
perform high-dose radiotherapy and hyperthermia at the 
same time. 

First a high-frequency current is supplied to the 
high-frequency electrode 125, thereby initiating hyper- 
thermia. When the temperature of hyperthermia 25 
becomes stable, the surgeon steps out of the operating 
room 103 which is electromagnetically shielded. 
Although the surgeon stays outside the operating room 
103, the hyperthermia device 109 can continue the ther- 
motherapy by hyperthermia reliably, only if device 109 30 
can automatically control the hyperthermia temperature. 
The hyperthermia device 109 is positioned such that the 
surgeon can see the hyperthermia temperature dis- 
played on the display panel on the device 1 09. It is desir- 
able that a monitor be provided outside the room 1 03 to 35 
display the changes in hyperthermia temperature. 

Next, the surgeon begins to perform radiotherapy. 
More precisely, he or she manipulates the radiotherapy 
controller 113 which is provided outside the operating 
room 1 03 and which is connected to the radiotherapeutic 40 
device 110. The radiation source 128 is introduced into 
the body cavity of the patient 105 from the device 110 
through the radiation source tube 1 12. The source 128 
is located in the distal end of the shaft 1 15 of the appli- 
cator, off the axis 0 1 of the shaft 115 as illustrated in FIG. 45 
17. This is because the tube 112 extends parallel to the 
axis of the shaft 1 15 of the applicator 102, not along 
the axis O-j. 

The radiation source 128 emits radiation, whereby 
the affected part present in the body cavity is subjected 50 
to radiotherapy for a prescribed time. Upon completion 
of the radiotherapy, the surgeon operates the radiother- 
apy controller 1 1 3, moving the radiation source 1 28 back 
into the radiotherapeutic device 1 1 0. Even after the radi- 
otherapy, the hyperthermia device 1 09 keeps on operat- 55 
ing, whereby the hyperthermia is continued. The 
hyperthermia is automatically stopped upon lapse of a 
predetermined time. 



If the source 128 emits a low dose of radiation, the 
radiation needs to be applied onto the affected part for a 
longer period of time. In this case, the surgeon selects a 
protocol of starting and stopping the hyperthermia 
device 109 during the radiotherapy achieved by operat- 
ing the radiotherapeutic device 110. Alternatively, the 
heating by means of the device 1 09 may be started while 
the device 1 10 is being operated to conduct the radio- 
therapy. 

Furthermore, the surgeon may selects a protocol of 
starting the hyperthermia device 109 after the radiother- 
apeutic device 1 10 has completed the radiotherapy, or a 
protocol of starting the radiotherapeutic device 1 10 after 
the hyperthermia device 109 has completed the hyper- 
thermia. In either protocol, the intra-cavity applicator 1 02 
is employed. 

The medical apparatus 101 described above is 
advantageous in several respects. 

First, the apparatus 1 01 enables the surgeon to treat 
an affected part of a patient, such as cancer, with high 
efficiency, since the hyperthermia device 109 and the 
radiotherapeutic device 110 can be operated to perform 
hyperthermia and radiotherapy at the same time. 

Secondly, the radiation emitted from the source 1 28 
can be applied concentratedly onto an affected part 
present on the inner surface of a body cavity. This is 
because the source 128 is located off the axis O-j of the 
shaft 115 and can be moved to a position near the 
affected part by rotating the shaft 1 1 5. Hence, the intra- 
cavity applicator 102 serves to accomplish effective radi- 
otherapy, as well as thermotherapy. 

Further, the surgeon needs to insert the applicator 
1 02 into the body cavity, but only once, in order to perform 
both radiotherapy and hyperthermia in the body cavity, 
because the applicator 102 has the high-frequency elec- 
trode 125 and contains the radiation source 128. 

In addition, since the radiation source 128 is sur- 
rounded by the coiled high-frequency electrode 125, it 
would not distort the temperature distribution which the 
hyperthermia achieves in the affected part. 

Lastly, the applicator 102 can be disinfected easily, 
provided that the distal end of the radiation source pas- 
sage 1 16 is closed by some means. 

The radiation source passage 1 16 of the shaft 115 
may be opened at its distal end. The shaft 1 15 of the 
applicator 1 02 can then be made more easily than in the 
case where the passage 1 16 is closed at its distal end. 
In this case, the passage 1 1 6 can serve not only to guide 
the radiation source 128, but also to guide a guide wire 
or the insertion section of an endoscope or to supply air. 

A medical apparatus according to the fifteenth 
embodiment of the present invention will be described, 
with reference to FIGS. 22A and 22B. This apparatus is 
a modification of the fourteenth embodiment 101 (FIGS. 
1 7 to 21 ) and is characterized in the structure of the intra- 
cavity applicator 102. 

As shown in FIGS. 22A and 22B, the shaft 1 15 has 
a radiation source passage 1 1 6 which is aligned with the 
axis Oi and four lumina 1 1 7 to 1 20 which extend parallel 
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to the axis and, hence, to the radiation source pas- 
sage 1 16. A balloon 131 is mounted on the distal end 
portion of the shaft 115. The balloon 131 is eccentric to 
the shaft 1 15. In other words, its axis 0 2 extends parallel 
to the axis of the shaft 1 1 5. The radiation source pas- s 
sage 116 need not be axialiy aligned with the shaft 1 15, 
only if it is not axialiy aligned with the balloon 131. 

Except for these structural features, the infra-cavity 
applicator 102 of the fifteenth embodiment is identical to 
its counterpart of the fourteenth embodiment (FIGS. 1 7 w 
to 21). 

As described above, the radiation source passage 
116 is aligned with the axis O-i and the balloon 131 is 
eccentric to the shaft 115. The radiation source 128 
inserted in the passage 116 can therefore emit radiation is 
downwards (FIG. 22B) - that is, in the direction opposite 
to the one in which the axis 0 2 of the balloon 131 is devi- 
ated from the axis O-i of the shaft 115. Hence, the radi- 
ation emitted from the source 128 can be applied 
concentratedly onto an affected part present on the inner 20 
surface of a body cavity, as in the fourteenth embodi- 
ment. The intra-cavity applicator 102 can therefore ena- 
bles the surgeon to perform both radiotherapy and 
thermotherapy effectively. 

In the present embodiment, the radiation source 25 
passage 116 need not be axialiy aligned with the shaft 
115. The passage 116 may not axialiy aligned with the 
shaft 1 15, provided that its axis is not aligned with the 
axis 0 2 of the balloon 131. This makes it possible to 
arrange the passage 116 and other passages at any 30 
desired positions in the shaft 1 1 5. it is therefore easy to 
design the intra-cavity applicator 1 02. 

FIGS. 23A and 23B show the sixteenth embodiment 
of the present invention, more correctly the intra-cavity 
applicator provided in a medical apparatus which is the 35 
sixteenth embodiment. The applicator is a modification 
of the applicator 102 of the fourteenth embodiment 
(FIGS. 17 to 21). It is characterized in that the shaft 1 15 
has a recess 141 in the circumferential surface of its dis- 
tal end portion, on which a balloon 126 is mounted. The 40 
radiation source passage 1 1 6 opens at the proximal and 
distal ends of the recess 1 41 . The four lumina 1 17 to 1 20 
are provided in the shaft 1 15, not opening to the recess 
141 at all. 

Furthermore, a connection tube 1 42 is placed in the 45 
recess 141, connecting the open ends of the radiation 
source passage 1 1 6. The connection tube 1 42 serves to 
position the radiation source tube 1 1 2 in the balloon 126. 
The radiation source tube 1 12 is guided through the radi- 
ation source passage 1 1 6. The connection tube 1 42 can so 
be dispensed with. Even if the tube 142 is not provided, 
the radiation source tube 112 can be positioned well. 

The radiation source passage 116 may be closed at 
the distal end of the recess 141 . or a small recess may 
be formed in the shaft 1 1 5 at the distal end of the recess ss 
141 . The small recess, if formed, serves to position the 
distal end of the radiation source tube 1 12. 

As mentioned above, the radiation source passage 
1 16 opens at the proximal and distal ends of the recess 



141 which is made in the circumferential surface of the 
shaft 115 and which is surrounded by the balloon 126. 
The radiation source 128 inserted in the passage 116 
can therefore emit radiation downwards (FIG. 23B) along 
the line connecting the axis 0 1 of the shaft 1 15 and the 
axis of the passage 1 1 6. Thus, the radiation emitted from 
the source 128 can be applied concentratedly onto an 
affected part present on the inner surface of a body cav- 
ity, in the same way as in the fourteenth embodiment. 
The intra-cavity applicator 102 can enables the surgeon 
to perform both radiotherapy and thermotherapy effec- 
tively. 

In addition, the high-frequency electrode 125 would 
not affect the distribution of radiation emitted from the 
radiation source 128. because the source 128 sur- 
rounded by the coiled high-frequency electrode 125. 

Furthermore, the radiation source 128 can be relia- 
bly positioned since the connection tube 142 is placed 
in the recess 1 41 , connecting the open ends of the radi- 
ation source passage 116. The tube 142 can be dis- 
pensed with, to simplify the structure of the applicator 
102 and, hence, to reduce the manufacturing cost 
thereof. 

FIG. 24 illustrates the shaft 115 of the intra-cavity 
applicator used in a medical apparatus which is the sev- 
enteenth embodiment of the present invention. The intra- 
cavity applicator is a modification of the applicator 102 
of the fourteenth to sixteenth embodiments; It is different 
in that a smoothing layer 151 made of, for example, 
Teflon, is coated on the inner circumferential surface of 
the radiation source passage 1 16 of the shaft 1 15. 

The friction between the layer 151 and the radiation 
source tube 1 1 2 inserted in the passage 1 1 6 is low, and 
the tube 112 can be smoothly guided through the pas- 
sage 116 even if it is comparatively long. Without the 
smoothing layer 151 . it would be difficult for a surgeon to 
insert the tube 1 12 deep into the passage 1 16, particu- 
larly so if the shaft 1 1 5 is made of silicone or the like. The 
friction would be so great that the tube 1 12 can hardly 
be guided to the distal end of the passage 116 even if 
the diameter of the passage 1 16 is increased. In view of 
this, the smoothing layer 151 facilitates the insertion of 
the radiation source tube 112 through the radiation 
source passage 116. 

Instead of coating the inner surface of the passage 
1 1 6 with a smoothing layer 1 51 . the radiation source tub 
112 may be replaced by a tube which has a low friction 
coefficient with respect to the inner surface of the pas- 
sage 116. For instance, a tube made of Teflon can be 
used in place of the radiation source tube 112. 

FIGS. 25A and 25B show an eighteenth embodi- 
ment of the present invention. More precisely, they show 
the intra-cavity applicator 102 incorporated in a medical 
apparatus which is the eighteenth embodiment. 

The intra-cavity applicator 102 is similar to its coun- 
terpart of the fourteenth embodiment (FIGS. 17 to 21). 
As seen from FIG. 25A. a hollow cylindrical, high-fre- 
quency electrode 161 is mounted on the distal end por- 
tion of the shaft 1 15 of the intra-cavity applicator 102. 
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The electrode 161 is made of tungsten and is therefore 
opaque to radiation. The hollow cylindrical electrode 161 
has in its middle part an opening 162 which has a size 
of 1 cm 2 . A balloon 126 is mounted on the shaft 115, 
covering the high-frequency electrode 161. Two temper- 
ature sensors 163, each comprised of a thermocouple, 
are mounted on the outer surface of the balloon 1 26. The 
shaft 115 is made of silicone and has a coaxial catheter 
passage 164. 

The shaft 1 15 also has a water supplying passage 
117, a water discharging passage 118, a temperature 
sensor passage 119. and an electrode cable passage 
120. These passages open at the proximal end portion 
107 of the infra-cavity applicator 102. As shown in FIG. 
25B, a water inlet connector 1 65 is connected to the prox- 
imal end of the passage 1 1 7, a water outlet connector 
166 to the proximal end of the passage 118, a sensor 
connector 167 to the cable inserted in the passage 1 19 
and connected to the temperature sensors 163 mounted 
on the balloon 126, and an electrode cable connector 
168 to the electrode cable provided in the passage 120. 
The catheter passage 164 opens at the proximal end 
portion 107, too. A catheter guide 1 69 is fastened to the 
distal end of the catheter passage 164. 

It will be explained how the intra-cavity applicator 
1 02 is used to treat an affected part present in the body 
cavity of a patient. At first, the applicator 102 is inserted 
into the body cavity, with the balloon 126 deflated com- 
pletely. Then, the inlet connector 165 and the outlet con- 
nector 166 are connected to a water circulating unit (not 
shown). Water is supplied from the water circulating unit 
into the balloon 126 through the water inlet connector 
165 and the water supplying passage 117. The balloon 
1 26 is thereby inflated, touching the inner surface of the 
body cavity. As a result, the applicator 1 02 is held in place 
within the body cavity. Even after the balloon 126 has 
been fully inflated, water is continuously supplied into the 
balloon 126, and excessive water flows from the balloon 
1 26 into the water circulating unit through the water dis- 
charging passage 118 and the outlet connector 166. 
Thus, the water keeps on circulating through the loop 
formed of the balloon 126, the passages 116 and 117, 
the connectors 165 and 166 and the water circulating 
unit. 

Thermotherapy can performed on the affected part 
by supplying a high-frequency current between the high- 
frequency electrode 161 of the applicator 102 and the 
electrode (not shown) secured to an extracorporeal 
applicator 108 of the type shown in FIG. 19. 

In order to conduct radiotherapy on the affected part, 
an Rl catheter (not shown) which is a radiation source is 
inserted into the catheter passage 164 via the catheter 
guide 169. The Rl catheter emits radiation which will be 
applied to the affected part. The radiation is applied from 
the applicator 102, exclusively through the opening 162 
of the high-frequency electrode 161. This is because 
electrode 161 is made of tungsten which opaque to radi- 
ation. Hence, to apply the radiation onto the affected por- 
tion, the applicator 102 is rotated around its axis until the 



opening 162 comes to oppose the affected part. Thus, 
the radiation emitted from the source 1 28 can be applied 
concentratedly onto any affected part present on the 
inner surface of the body cavity, in the same manner as 

5 in the fourteenth embodiment. The intra-cavity applicator 
102 can therefore enables a surgeon to perform both 
radiotherapy and thermotherapy effectively. 

In addition, any part other than the affected part in 
the body cavity is not exposed to radiation since the radi - 

w ation emitted from the source is applied outwards 
through only the opening 1 62 of the high-frequency elec- 
trode 161. 

The high-frequency electrode 161 , which is a hollow 
cylinder, may be replaced by a hollow prism or a plate. 

15 The opening 162 may be of any size and any shape so 
long as it can be made in the electrode 161. It may be 
rectangular, circular, elliptical, or polygonal. Further, the 
electrode 161 may have two or more openings, instead 
of only one. Still further, the material of the electrode 1 61 

20 is not limited to tungsten; it may be made of lead, lead 
glass, or the like. 

FIGS. 26 and 27 show a nineteenth embodiment of 
the invention. More correctly, they show the intra-cavity 
applicator incorporated in a medical apparatus which is 

25 the eighteenth embodiment. 

The intra-cavity applicator is similar to its counter- 
part of the eighteenth embodiment (FIGS. 25Aand25B). 
but is characterized by the distal end portion of the shaft 
115. 

30 As illustrated in FIG. 26. a high-frequency electrode 
171 made of electrically conductive rubber is mounted 
on one half of the shaft 115. and a balloon 172 is 
mounted on that half of the shaft 1 1 5, covering the high- 
frequency electrode 171. One temperature sensor 163 

35 comprised of a thermocouple is mounted on the outer 
surface of the balloon 172. The distal end portion of the 
shaft 115 is covered with a tungsten layer 173. except 
for that part on which the electrode 1 71 is mounted. Fur- 
ther, the tungsten layer 1 73 is covered with a smoothing 

40 layer 1 74 made of Tef lon. Except for these structural fea- 
tures, the intra-cavity applicator is the same as the appli- 
cator 102 of the eighteenth embodiment. 

When cooling water is supplied into the balloon 1 72 
through the water inlet connector 1 65 and the water sup- 

45 plying passage 1 1 7b, the balloon 1 72 is inflated, bulging 
from only one half of the shaft 1 1 5. The radiation emitted 
from the radiation source set in the R I catheter inserted 
in the catheter passage 164 is applied toward the elec- 
trode 171 only. This is because the tungsten layer 173 

so which is opaque to radiation covers the distal end portion 
of the shaft 115. except for that part on which the elec- 
trode 171 is mounted. To apply the radiation to an 
affected part in a body cavity, it suffices to rotate the shaft 
1 15 around its axis Oi until the balloon 172 comes to 

55 contact the affected part. The radiation emitted from the 
Rl catheter can therefore be applied concentratedly onto 
any affected part present on the inner surface of the body 
cavity, as in the fourteenth embodiment. Further, since 
the high-frequency electrode 1 71 is mounted on that half 
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of the shaft 1 1 5, the heat generated by electrode 1 71 is 
applied to only an affected part which faces the electrode 
171 and which contacts the affected part. Hence, the 
intra-cavity applicator of the present embodiment can 
enables a surgeon to perform both radiotherapy and 
thermotherapy with high efficiency. 

FIGS. 28A and 28B show a twentieth embodiment 
of the present invention, more precisely the intra-cavity 
applicator incorporated in a medical apparatus. 

The intra-cavity applicator is similar to its counter- 
part of the eighteenth embodiment (FIGS. 25A and 25B) 
but somewhat different. 

As seen from FIG. 28A, a high-frequency electrode 

181 is coiled around the distal end portion of the intra- 
cavity applicator, and a balloon 182 is mounted on the 
distal end portion of the applicator, covering the entire 
electrode 1 81 . Two temperature sensors 1 83, each com- 
prised of a thermocouple, and a radiation source pas- 
sage 1 84 are mounted on the outer surface of the balloon 
1 82. The radiation source passage 1 84 is a silicone tube, 
into which a Rt catheter 185 can be inserted. The pas- 
sage 1 84 is closed at the distal end. Thus, the Rl catheter 
185 can be inserted into the passage 184 until it abuts 
on the closed distal end of the passage 184 and is 
thereby positioned. 

As described above, the Rl catheter 185 is inserted 
in the passage 184 mounted on the outer surface of the 
balloon 182. Therefore, the radiation emitted from the 
catheter 185 can be applied to an affected part in a body 
cavity, merely by rotating the shaft 115 around its axis 
Qt to make the catheter 185 oppose the affected part. 
The radiation emitted from the Rl catheter 185 can there- 
fore be applied concentratedly onto any affected part 
present on the inner surface of the body cavity, as in the 
fourteenth embodiment Hence, the intra-cavity applica- 
tor can enables a surgeon to perform both radiotherapy 
and thermotherapy with high efficiency. 

In addition, neither the electrode 1 81 nor the balloon 

182 would not affect the distribution of the radiation emit- 
ted from the catheter 185, because the Rl catheter 185 
is mounted on the outer surface of the balloon 182. 

Moreover, it is easy to position the Rl catheter 185 
in the radiation source passage 184, only by inserting 
the catheter 185 into the passage 184 until the catheter 
185 abuts on the closed distal end of the passage 184. 

Sill further, the Rl catheter 185 can be located very 
close to the inner surface of a body cavity as long as the 
balloon 182 remains in contact with the inner surface of 
the body cavity. This is because the radiation source pas- 
sage 184 is mounted o the outer surface of the balloon 
1 82. It is therefore possible to estimate the distance from 
the catheter 185 to the mucous membrane on the inner 
surface of the body cavity and to determine the distribu- 
tion of radiation emitted from the catheter 185. As a 
result, the radiation can be accurately aimed at and con- 
centratedly applied to the affected part. 

A medical apparatus according to the twenty-first 
embodiment of the invention will be descrfoed, with ref- 



erence to FIG. 29 which shows the intra-cavity applicator 
102 incorporated in the medical apparatus. 

The intra-cavity applicator 102 is a modification of 
the applicator of the twentieth embodiment (FIGS. 28A 
and 28B). As shown in FIG. 29, the applicator 102 is 
characterized in that an Rl catheter tube 191 made of 
f luororesin such as Tef tan is mounted partly on the shaft 
115 and partly on the outer surface of the balloon 182. 
The tube 191 has its closed distal end located at the dis- 
tal end of the shaft 1 15 and mounted on the balloon 183. 
The proximal end of the tube 191 is located at the prox- 
imal end portion 107 of the applicator 102 and connected 
to a catheter guide 192. An Rl catheter 185 can be 
inserted into the tube 191 via the catheter guide 1 92, no 
matter whether the balloon 182 is inflated or deflated. 
The catheter 185 is inserted into the tube 191 until the 
catheter 185 abuts on the closed distal end of the tube 
1 91 , whereby the distal end of the catheter 1 85 is located 
on the balloon 182. 

As mentioned above, the Rl catheter tube 191 has 
its distal end portion mounted on the outer surface of the 
balloon 182, and the Rl catheter 185 is inserted in the 
tube 191. Thus, to apply the radiation emitted from the 
catheter 1 85 to an effected part present in a body cavity, 
it suffices to rotate the shaft 115 around its axis 0 1 to 
move the tube 191 to a position where the tube 191 faces 
the affected part. 

The radiation emitted from the Rl catheter 185 can 
therefore be applied concentratedly onto any affected 
part present on the inner surface of the body cavity, as 
in the fourteenth embodiment. Hence, the intra-cavity 
applicator can enables a surgeon to perform both radio- 
therapy and thermotherapy with high efficiency. 

Moreover, the Rl catheter 1 85 can be easily inserted 
into the Rl catheter tube 191 , and a radiation source can 
be inserted into the body cavity through the Rl catheter 
tube 191. 

Another medical apparatus which is the twenty-sec- 
ond embodiment of the invention will be described, with 
reference to FIG. 30 which shows the intra-cavity appli- 
cator 102 incorporated in the medical apparatus. 

The intra-cavity applicator 102 is a modification of 
the applicator of the twenty-first embodiment (FIG. 29). 
As shown in FIG. 30, the applicator 102 is characterized 
in that an X-ray marker 20 1 opaque to X-rays is provided 
on the distal end portion of the Rl catheter tube 191 . To 
be more specific, the X-ray marker 201 is mounted on 
the outer surface of the balloon 182. 

This intra-cavity applicator 102 is used in the follow- 
ing way to treat a tumor in a body cavity of a patient. A 
surgeon first inserts the applicator 1 02 into the body cav- 
ity. Then, the surgeon determines the position of the 
tumor in the cavity, from an X-ray image of the interior of 
the body cavity. From the X-ray image the surgeon can 
accurately determine the position of the distal end por- 
tion of the applicator 102 since the X-ray marker 201 is 
quite visible in the X-ray image. He or she rotates the 
shaft 1 15 of the applicator 102 around its axis, thereby 
positioning the distal end portion of the applicator 1 02 at 
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the tumor, and inserts a Rl catheter 185 into the Rl cath- 
eter tube 1 91 . Once the Rl catheter 1 85 is set in the tube 
191, the surgeon can perform both hyperthermia and 
radiotherapy on the tumor. The the Rl catheter 185 may 
be inserted into the Rl catheter tube 191 before the appli- 5 
cator 102 is inserted into the body cavity. 

the Rl catheter tube 191 has its distal end portion 
mounted on the outer surface of the balloon 1 82, and the 
Rl catheter 185 is inserted in the tube 191, as in the 
twenty-first embodiment (FIG. 29). Thus, the radiation 10 
emitted from the catheter 185 can be applied to the 
tumor, merely by rotating the shaft 115 around its axis 
O-j to make the tube 191 oppose the tumor. 

The radiation emitted from the Rl catheter 185 can 
be applied concentrated iy onto any affected part present 15 
on the inner surface of the body cavity, as in the four- 
teenth embodiment (FIG. 17to21). Hence, the intra-cav- 
ity applicator 1 02 can enables a surgeon to perform both 
radiotherapy and thermotherapy with high efficiency. 

In addition, the surgeon can accurately determines 20 
not only the position of the tumor but also the position of 
the distal end portion of the applicator 1 02 from an X-ray 
image of the body cavity. This is because the X-ray 
marker 201 provided on the distal end portion of the 
applicator 102 is clearly seen in the an X-ray image, tt 25 
suffices for him or her to rotate the shaft 1 1 5 of the appli- 
cator 102 around its axis, to thereby position the distal 
end portion of the applicator 102 at the tumor. Once the 
distal end portion of the applicator 102 is so positioned, 
the radiation emitted from the Rl catheter 185, which is 30 
inserted in the distal end portion of the applicator 1 02, is 
applied concentratedly onto the tumor. 

A medical device according to the twenty-third 
embodiment of the present invention will be described 
with reference to FIGS. 31 A nd 31 B. FIGS. 31 A and 31 B 35 
show the intra-cavity applicator 1 02 provided in this med- 
ical apparatus. 

The intra-cavity applicator 102 shown in FIGS. 31 A 
and 3 1 B is a modification of the applicator 1 02 of the four- * 
teenth embodiment (FIGS. 17 to 21). As shown in FIG. 40 
31 A, X-ray markers 211 and 212 are mounted on two 
distal end portions of the shaft 115. Both X-ray markers 
211 and 2 1 2 are opaque to X rays. The first X-ray marker 
21 1 indicates the position of the distal end of the radiation 
source passage 1 1 6 which is formed in the shaft 1 1 5 and 45 
which cannot be seen from outside. The second X-ray 
maker 212 indicates the position of a portion of the pas- 
sage 116 which is proximal with respect to the distal end 
of the passage 116. 

The intra-cavity applicator 1 02 is used in the follow- so 
ing way to treat a tumor in a body cavity of a patient. At 
first, a surgeon inserts the applicator 102 into the body 
cavity. Then, he or she determines the position of the 
tumor in the cavity, from an X-ray image of the body cav- 
ity. The surgeon can see the images of both X-ray mark- 55 
ers 21 1 and 212 in the X-ray image. The surgeon rotates 
the shaft 1 15 of the applicator 102 around its axis, until 
the images of the X-ray markers 21 1 and 212 move to 
the image of the tumor. As a result, the shaft 11 5 is posi- 



tioned, with the distal end portion of the radiation source 
passage 1 1 6 placed at the tumor. The surgeon inserts a 
radiation source 128 into the radiation source passage 
1 16. The surgeon can then perform hyperthermia and 
radiotherapy simultaneously on the tumor. The radiation 
source 1 28 may be inserted into the passage 116 before 
the shaft 1 15 is inserted into the body cavity. 

The twenty-third embodiment can attain the same 
advantages as the twenty-second embodiment (FIG. 
30). In addition, the X-ray image of the interior of the body 
cavity is clearer than in the case the applicator of the 
twenty-second embodiment is inserted into the body 
cavity. This is because the shaft 1 15 is coated with the 
X-ray markers over a smaller area than its counterpart 
of the twenty-second embodiment. 

A medical apparatus according to the twenty-fourth 
embodiment of this invention will be described with ref- 
erence to FIGS. 32A and 32B. 

FIG. 32A shows the intra-cavity applicator 1 06 incor- 
porated in the apparatus. As shown in FIG. 32A, an Rl 
catheter tube 1 91 is mounted on the outer surface of the 
shaft 115 of the applicator 106 and extends along the 
shaft 115. This embodiment is characterized in that an 
X-ray marker 222 is provided on the distal end portion of 
a thin catheter 221 to be inserted into the Rl catheter 
tube 1 91 . as illustrated in FIG. 32B -not on the distal end 
of the Rl catheter tube 191 as in the twenty-second 
embodiment (FIG. 30). 

The intra-cavity applicator 1 06 is used in the follow- 
ing way to treat a tumor in a body cavity of a patient. A 
surgeon first inserts the applicator 1 06 into the body cav- 
ity. Next, he or she inserts the catheter 221 into the Rl 
catheter tube 1 91- The surgeon determines the position 
of the tumor in the cavity and also the position of the X- 
ray marker 222, from an X-ray image of the interior of the 
body cavity. He or she rotates the shaft 1 15 of the appli- 
cator 1 06 around its axis, until he or she sees the marker 
222 move to the tumor in the X-ray image. Then, the sur- 
geon pulls the catheter 221 from the Rl catheter tube 191 
and inserts an Rl catheter 185 (i.e., a radiation source) 
into the Rl catheter tube 1 91 . Thus, the surgeon can per- 
form hyperthermia and radiotherapy simultaneously on 
the tumor. 

The twenty-fourth embodiment can attain the same 
advantages as the twenty-second embodiment (FIG. 
30). Further, the intra-cavity applicator 106 can be man- 
ufactured at a lower cost than those of the twenty-second 
and twenty-third embodiments since an X-ray marker 
need not be provided on any component as is required 
in the twenty-second and twenty-third embodiments. Still 
further, the X-ray image of the interior of the body cavity 
is clearer than in the case the applicators of the twenty- 
second and twenty-third embodiment are inserted into 
the body cavity, because the X-ray marker 222 on the 
distal end portion of the catheter 222 is very small. 

A medical apparatus according to the twenty-fifth 
embodiment of this invention will be described, with ref- 
erence to FIGS. 33A to 33D which show an intra-cavity 
applicator. 
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The intra-cavity applicator of the twenty-fifth embod- 
iment is a modification of the applicator 102 of the four- 
teenth embodiment (FIG. 7 to 21). It is characterized in 
that a graduation 231 is provided on that portion of the 
shaft 115 which opposes the radiation source passage 
116 which is formed in the shaft 115 and which cannot 
be seen from outside. The radiation source passage 1 1 6 
has a diameter D as shown in FIG. 33D. 

The intra-cavity applicator of the twenty-fifth embod- 
iment is used in the following way to treat a tumor in a 
body cavity of a patient. A surgeon first inserts the appli- 
cator 106 into the body cavity. Next, the surgeon inserts 
a radiation source into the radiation source passage 1 1 6. 
This done, he or she rotates the shaft 1 15 of the appli- 
cator around its axis, until he or she sees the desired 
position of the graduation 231 move to the tumor in the 
X-ray image, thereby positioning at the tumor the radia- 
tion source contained in the passage 116. The surgeon 
can then perform hyperthermia and radiotherapy simul- 
taneously on the tumor. The the radiation source may be 
inserted into the passage 116 after the shaft 115 is 
rotated to locate the passage 1 16 at the tumor. 

The twenty-fifth embodiment can attain the same 
advantages as the twenty-third embodiment (FIGS. 31 A 
and 31 B). Additionally, the intra-cavity applicator can be 
manufactured at a lower cost than its counter-part of the 
twenty-third embodiment since no X-ray markers and no 
catheters are used to position the radiation source at the 
tumor. 

The graduation 231 may be an X-ray marker which 
is opaque to X rays. In this case, a surgeon use the intra- 
cavity applicator in the following manner to treat a tumor 
in a body cavity of a patient At first, he or she inserts the 
shaft 1 15 of the applicator into the body cavity and insert 
the radiation source into the radiation source passage 
116. Then, the surgeon determines the position of the 
tumor and also the position of the graduation 231 , from 
an X-ray image of the interior of the body cavity. He or 
she rotates the shaft 1 15 around its axis, until the grad- 
uation 231 move to the tumor. The surgeon can then per- 
form hyperthermia and radiotherapy simultaneously on 
the tumor. The the radiation source may be inserted into 
the passage 116 after the shaft 1 15 is rotated to locate 
the graduation 231 at the tumor. Since the graduation 
231 is an X-ray marker, the surgeon can place the radi- 
ation source at the desired position in the body cavity, 
within a shorter time than he or she can do so with the 
intra-cavity applicator 102 of the twelfth embodiment. 

A medical apparatus according to the twenty-sixth 
embodiment of the invention will be described with ref- 
erence to FIGS. 34 and 35. FIG. 34 is a perspective view 
of the intra-cavity applicator 102 used in the medical 
apparatus, and FIG. 35 is a cross-sectional view of the 
shaft 1 1 5 of the applicator 1 02. 

The intra-cavity applicator 102 is a modification of 
its counterpart of the fourteenth embodiment (FIGS. 17 
to21). As illustrated in FIG. 35, the shaft 1 15 of the appli- 
cator 102 has coaxial radiation source passage 1 16 (or 
a central lumen) and four lumina 1 17 to 120. The pas- 
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sage 116 is coaxial with the shaft 115, whereas the 
iumina 1 1 7 to 1 20 extend parallel to the axis of the shaft 
1 1 5. The lumina 1 1 7, 1 1 8. 1 1 9 and 1 20 are used as cool- 
ing water supplying passage, cooling water discharging 

5 passage, temperature sensor passage and electrode 
cable passage, respectively. 

The lumina 1 1 7 to 1 20 may take positions in the shaft 
1 1 5, which are different from those shown in FIG. 35, so 
long as they extend through the shaft 1 1 5 over the entire 

w length thereof. Furthermore, the radiation source pas- 
sage 1 16 need not be coaxial in its entirety with the shaft 
1 1 5, provided that at least its distal end part is set in true 
axial alignment with the shaft 115. 

The radiation source passage 116 need not extends 

is to the very distal end of the shaft 1 1 5 as shown in FIG. 
34. It may extend through the shaft 115 only to the bal- 
loon 1 26, because it suffices to guide a radiation source 
1 28 to any part of the shaft 1 1 5 that is surrounded by the 
balloon 1 26. In this case, too, at least the distal end por- 

20 tion must be coaxial with the shaft 1 15. The radiation 
source 128 is automatically set at the distal end of the 
passage 116 when a radiation source tube 112 is 
inserted into the passage 1 1 6 until it abuts on the closed 
end (i.e., the distal end) of the passage 1 16. So set. the 

25 radiation source 1 28 emits radiation uniformly in a plane 
which is perpendicular to the axis of the shaft 115. 

It will be explained how a surgeon operates the appli- 
cator 102 to treat a tumor in a body cavity of a patient. 
The surgeon inserts the applicator 102 into the body cav- 

30 ity. Next, he or she operates the radiotherapy controller 
113 which is provided outside the operating room 103 
and which is connected to the radiotherapeutic device 
1 10, supplying the radiation source 128 to the distal end 
portion of the passage 1 16 as shown in FIG. 35, since 

35 the radiation source tube 1 1 2 is inserted in the passage 
116. 

The twenty-sixth embodiment is advantageous in 
several respects. 

First, the apparatus 101 enables the surgeon to treat 

40 an affected part of a patient, such as cancer, with high 
efficiency, since the hyperthermia device 109 and the 
radiotherapeutic device 1 1 0 can be operated to perform 
hyperthermia and radiotherapy at the same time. 

Secondly, the radiation emitted from the source 1 28 

45 can be applied uniformly onto an affected part present 
on the entire inner surface of a body cavity, because the 
radiation source 128 is coaxial with the shaft 115. Not 
only hyperthermia but also radiotherapy can be applied 
evenly on the affected part, thus treating the affected part 

so effectively. 

Further, the surgeon needs to insert the applicator 
1 02 into the body cavity, but only once, in order to perform 
radiotherapy and hyperthermia on cancer in the body 
cavity, without making side effect on any part of the 

55 patient. This is because the applicator 102 has the high- 
frequency electrode 125 and because the radiation 
source tube 112 inserted in the passage 1 16 of the shaft 
115 contains the radiation source 128. 
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In addition, since the radiation source 128 is sur- 
rounded by the high-frequency electrode 125, it would 
not distort the temperature distribution which the hyper- 
thermia achieves in the affected part. 

If the radiation source passage 1 1 6 is closed at the s 
distal end, the applicator 106 can be disinfected easily. 

On the other hand, if the passage 116 opens at the 
distal end of the shaft 1 15, the shaft 115 can be made 
more easily than the passage 1 1 6 is closed at the distal 
end. Extending through the shaft 115 over the entire w 
length thereof, the passage 116 can serve some pur- 
poses other than to guide the radiation source 128 into 
the body cavity. More specifically, the passage 116 can 
be used to guide a wire or an endoscope into the body 
cavity and to supply air into the body cavity is 

A medical apparatus according to the twenty-sev- 
enth embodiment of this invention will be described, with 
reference to FIG. 36 which is a sectional view of the distal 
end portion of the intra-cavity applicator incorporated in 
the medical apparatus. 20 

This intra-cavity applicator is a modification of the 
applicator 102 of the twenty-sixth embodiment (FIGS. 34 
and 35). It is characterized in that a smoothing layer 232 
made of, for example, Teflon, is provided on the inner 
surface of the radiation source passage 116 made in the 2s 
shaft 115. The friction between the layer 232 and the 
radiation source tube 112 inserted in the passage 1 1 6 is 
low, and the tube 1 12 can be smoothly guided through 
the passage 1 16 even if it is comparatively long. Without 
the smoothing layer 232, it would be difficult for a surgeon 30 
to insert the tube 1 1 2 deep into the passage 1 1 6, partic- 
ularly so if the shaft 115 is made of silicone or the like. 
The friction would be so great that the tube 112 can 
hardly be guided to the distal end of the passage 116 
even if the diameter of the passage 1 16 is increased. In 35 
view of this, the smoothing layer 232 facilitates the inser- 
tion of the radiation source tube 1 12 through the radiation 
source passage 116. 

instead of coating the inner surface of the passage 
1 1 6 with a smoothing layer 232, the radiation source tube 40 
1 12 may be replaced by a Teflon tube which has a low 
friction coefficient with respect to the inner surface of the 
passage 116. The Teflon tube can be smoothly inserted, 
deep into the radiation source passage 116. 

A medical apparatus according to the twenty-eighth 45 
embodiment of the invention will be described, with ref- 
erence to FIG. 37 which is a sectional view of the proxi- 
mal end portion 107 of the intra-cavity applicator 
incorporated in a medical apparatus. 

The intra-cavity applicator is a modification of the so 
applicator 1 02 of the twenty-sixth embodiment (FIGS. 34 
and 35). As shown in FIG. 37, in the proximal portion 1 07 
of the applicator, the radiation source passage 1 16 has 
its diameter gradually increasing toward its proximal end 
116a. In other words, the inner circumferential surface ss 
233 of the passage 116 flares toward the proximal end 
1 16a. A syringe 234 can be easily inserted into thef laring 
proximal end portion of the passage 1 1 6 to apply a lubri- 
cating agent into the radiation source passage 116. 



Once the lubricating agent has been so applied into 
the passage 1 1 6, it is quite easily for a surgeon to insert 
the radiation source tube 112 into the passage 116. 
Once partly inserted in the flaring proximal end portion 
of the passage 116. the syringe 234 may be squeezed 
to apply liquid medicine into the passage 116 and may 
be released to draw air from the passage 1 1 6. 

The twenty-ninth embodiment of the invention, 
which is also a medical apparatus, will be described, with 
reference to FIGS. 38A, 38B and 38C. 

FIG. 38A is an overall view of the medical apparatus. 
As seen from FIG. 38A. the apparatus has an intra-cavity 
applicator 241. The applicator 241 comprises an inser- 
tion section 242 and a proximal section 243. The inser- 
tion section 242 is designed for insertion into the body 
cavity. The proximal section 243 is connected to the prox- 
imal end of the insertion section 242. 

The insertion section 242 has a shaft 244 made of 
soft material such as silicone rubber. As shown in FIG. 
38B, the shaft 244 has two ther motherapeutic electrodes 
245a and 245b, the former located in front of the latter. 
The electrodes are mounted on the outer surface of the 
distal end portion of the shaft 244. Two balloon 246a and 
246b made of silicone rubber or the like are mounted on 
the distal end portion of the shaft 244, covering the elec- 
trodes 245a and 245b. respectively. Each of the elec- 
trodes 245a and 245b is a tin-plated copper wire wound 
around the shaft 244. Two temperature sensors 247a 
and 247b are mounted on the outer surface of the front 
balloon 246a. Similarly, two temperature sensors 247c 
and 247d are mounted on the outer surface of the rear 
balloon 246b. 

As illustrated in FIG. 38C. the shaft 244 has five 
lumina 248 to 252. Of these lumina, the central one is a 
radiation source passage 248 which is coaxial with the 
shaft 244. The remaining four lumina 249 to 252 extend 
through the shaft 244, parallel to the passage 248. The 
lumina 249, 250, 251 and 252 are used as cooling water 
supplying passage, cooling water discharging passage, 
temperature sensor passage and electrode cable pas- 
sage. The cooling water used is, for example, purified 
water. In FIG. 38C, the chain-line circle indicates the out- 
line either balloon assumes when fully inflated. 

The inner surface of the radiation source passage 
248 is covered with a layer 253 made of f luororesin or 
the like and having a low friction coefficient. The passage 
248 is closed at the distal end portion of the shaft 244 as 
illustrated in FIG. 38A. Instead, the passage 248 may 
extends throughout the shaft 244 and open at the distal 
end thereof. 

The shaft 244 has holes 254a. 254b, 255a and 255b 
in the outer circumferential. The holes 254a and 254b 
connects the interior of the front balloon 246a to the cool- 
ing water supplying passage 249 and the cooling water 
discharging passage 250. The holes 255a and 255b con- 
nects the interior of the rear balloon 246b to the pas- 
sages 249 and 250. 

The applicator 241 has at its proximal end portion 
243 a radiation source guide 257, a coolant inlet connec- 
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tor258. a coolant outlet connector 259, cable connectors 
260 and 261 . and an RF connector 262. The guide 257 
is used to guide a radiation source 256 into the radiation 
source passage 248. The coolant inlet connector 258 is 
coupled to the distal end of the cooling water supplying 5 
passage 249. The coolant outlet connector 259 is con- 
nected to the distal end of the cooling water discharging 
passage 250. The cable connectors 260 and 261 are 
provided to connect signals cables to the temperature 
sensors 247a to 247d so that the signals generated by 
the sensors may be supplied through the signal cables. 
The RF connector 262 is provided to connect an RF 
power cable to the thermotherapeutic electrodes 245a 
and 245b so that RF (radio-frequency) power may be 
supplied to the electrodes 245a and 245b. 

A water supplying tube (not shown) and a water dis- 
charging tube (not shown) are connected to the inlet con- 
nector 258 and the outlet connector 259, respectively. 
Signal lines 263 extend through the temperature sensor 
passage 251 and are connected to the temperature sen- 
sors 247a to 247d, and power supply lines 264 extend 
through the electrode cable passage 252 and are con- 
nected to the thermotherapeutic electrodes 245a and 
245b. 

A radiation source guide tube 265 is inserted into 
the radiation source guide 257. The tube 265 is con- 
nected at its proximal end to the radiation source supply- 
ing/recovering port of a radiation source remote- 
controller 266. The tube 265 has its distal end portion 
inserted via the radiation source guide 257 into the radi- 
ation source passage 248. As shown in FIG. 38B, the 
radiation source 256 introduced into the applicator 241 
is positioned between the thermotherapeutic electrodes 
245a and 245b. 

It will be explained how a surgeon use the medical 
apparatus according to the twenty-ninth embodiment, in 
order to treat an affected part present in a body cavity of 
a patient. 

At first, the surgeon connects the water supplying 
tube, water discharging tube, signal cables and RF 
power cable of a hyperthermia device (not shown) of the 
type shown in FIG. 19 to the inlet connector 258, outlet 
connector 259, sensor connectors 260 and 261. Next, 
the surgeon inserts the insertion section 242 of the appli- 
cator 241 into a tubular cavity 267 of the patient. Further, 
the surgeon attaches the electrode of *an extracorporeal 
applicator (not shown) of the type shown in FIG. 19 to 
the patient, at a position opposing to the thermothera- 
peutic electrodes 245a and 245b, and connects the elec- 
trode to the hyperthermia device. In this condition, the 
surgeon can perform thermotherapy on the affected part 
resent in the body cavity. 

The surgeon positions the insertion section 242 of 
the intra-cavity applicator 241 in the tubular cavity 267, 
as is shown in FIG. 38B. Namely, the insertion section 
242 is positioned such that a tumor 268 developing on 
the inner surface of the cavity 267 is located between the 
balloons 246a and 246b both contacting the inner sur- 
face of the cavity 267. 



Then, the surgeon inserts the radiation source guide 
tube 265 connected to the radiation source remote-con- 
troller 266 is inserted into the radiation source passage 
248 via the radiation source guide 257. Further, he or 
she places the radiation source 256 contained in the 
applicator 241, at a position between the thermothera- 
peutic electrodes 245a and 245b as illustrated in FIG. 
38B. In this condition, the surgeon can perform radiother- 
apy on the tumor 268. 

The radiation source 256 used is, for example, 192 lr 
(01.1 x3.3 mm, 370 GBq). It is inserted into the radiation 
source guide tube 265 and thereby introduced into the 
tubular cavity 267, as the surgeon operates the radiation 
source remote-controller 266, moving an operation wire 
or supplying air into the guide tube 265. 

From the source 256 thus introduced into the cavity 
267, radiation is applied to the tumor 268 for about 10 
minutes, whereby radiotherapy is carried out. The ther- 
motherapy is conducted, usually for about one hour by 
applying electromagnetic waves to the tumor 258 from 
the thermotherapeutic electrodes 245a and 245b. The 
surgeon can therefore perform radiotherapy, while per- 
forming the thermotherapy, by using the intra-cavity 
applicator 241. 

The organism effect A(R) which the radiation applied 
achieves on a tumor is expressed by the following equa- 
tion (1): 

A(R) = Kx1/R 2 xB(R) (1) 

where K is a constant and R is the distance between the 
source of radiation and the tumor. 

As seen from the equation (1), the distribution of 
radiation, K x 1/R 2 , sharply decreases with the square 
of the distance R. So does the dose of radiation, B(R). 
The effect of radiation is said to decrease very much 
when the distance R is about 5 mm or more. The 
decrease in the organism effect A(R) should be avoided 
to successfully perform thermotherapy and radiotherapy 
at the same time. To be more specific, that region of the 
tumor which can be heated by the electromagnetic 
waves from the electrodes 245a and 245b must be 
located very close to that region of tumor to which the 
radiation can be applied from the source 256. 

The two electrodes 245a and 245b and the radiation 
source 256 need to have this specific positional relation- 
ship in order to attain sufficient effect A(R). As shown in 
FIG. 38B, the source 256 set in the shaft 244 is not sur- 
rounded by the balloon 246a or the balloon 246b in which 
coolant is circulated, and there is nothing, but the shaft 
244, that blocks the radiation the source 256 emits 
toward the tumor 268. In addition, the radiation source 
256 is located quite near the tumor 268. Hence, the radi- 
ation source 256 fully serves to accomplish effective radi- 
otherapy on the tumor 268. 

The tumor 268 to which the radiation is applied can 
be heated uniformly by the electromagnetic waves emit- 
ted from the electrodes 245a and 245b, provided that the 
thermotherapeutic electrodes 245a and 245b are 
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spaced apart but by a relatively short distance of 50 mm 
or less. 

With the medical apparatus according to the present 
embodiment, it is possible to conduct radiotherapy with 
high efficiency by applying the radiation from the source 5 
256 to the tumor 268, while heating the affected part uni- 
formly by applying the electromagnetic waves thereto 
from the electrodes 245a and 245b. The surgeon can 
therefore treat the tumor effectively within a short period 
of time, without inflicting much pain on the patient. Fur- 10 
thermore, once the insertion section 242 of the applicator 
241 is properly positioned in the cavity 267 in preparation 
for thermotherapy, the radiation source guide tube 265 
is automatically set at a desired position with respect to 
the tumor 268. This helps to increase the safety of ther- is 
apy. Moreover, the radiation can be uniformly applied to 
the entire tumor 268 which is annular, surrounding the 
shaft 244, because the radiation source 256 is located 
at the axis of the shaft 244. As a result, both thermother- 
apy (e.g., hyperthermia) and radiotherapy can be uni- 20 
fbrmly applied on the tumor 268, effectively treating the 
tumor 268. 

A medical apparatus according to the thirtieth 
embodiment of this invention will be described, with ref- 
erence to FIG. 39 which shows the distal end portion of 25 
the shaft 244 of the intra-cavity applicator 241 incorpo- 
rated in the medical apparatus. 

The intra-cavity applicator is a modification of the 
applicator 241 of the twenty-ninth embodiment (FIGS. 
38A to 38C). As seen from FIG. 39, a thin hollow rod 271 30 
is connected to the distal end of the shaft 244. Two ther- 
motherapeutic electrodes 245a and 245b wound around 
the rod 271 and spaced apart. A balloon 272 made of 
silicone rubber or the like is mounted on the rod 271 , cov- 
ering the both electrodes 245a and 245b. The distal end 35 
of the shaft 244 has two holes 275 and 276. The hole 
275 connects the interior of the balloon 272 to the cooling 
water supplying passage 249 provided in the shaft 244. 
The hole 276 connects the interior of the balloon 272 to 
the cooling water discharging passage 250 provided in 40 
the shaft 244. A radiation source 256 is set within the 
that portion of the hollow rod 271 which is surrounded 
by neither the electrode 245a or the electrode 245b. 

As in the twenty-ninth embodiment, the radiation 
source 256 in the shaft 242 is not surrounded by neither 45 
balloon, there is nothing, but the wall of the rod 271 , that 
blocks the radiation the source 256 emits toward a tumor. 
Further, provided with only one balloon 272, the intra- 
cavity applicator 241 must have but less temperature 
sensors and less coolant passages than the applicator so 
241 of the twenty-ninth embodiment. Thus, the applica- 
tor 241 can be made thinner than the applicator 241. 

When the balloon 272 is inflated further than the 
condition shown in FIG. 39. the distance between the 
tumor and the radiation source 256 is increased to a ss 
comparatively large value. In this case, the radiation is 
distributed more desirably, in the radial direction of the 
intra-cavity applicator 241 . To put it another way, the dose 
of radiation changes but moderately in the direction of 



depth of the annular tumor, whereby the radiation 
reaches a sufficient depth in the tumor. 

A medical apparatus which is the thirty-first embod- 
iment of the invention will be described, with reference 
to FIG.. 40 which illustrates the intra-cavity applicator of 
the apparatus. 

This is a modification of the intra-cavity applicator 
241 of the twenty-ninth embodiment (FIGS. 38Ato38C). 
As shown in FIG. 40, this applicator is characterized in 
two respects. First, a tube 281 made of f luororesin and 
having a low frictional coefficient is fitted in the distal end 
portion of the radiation source passage 248 which is 
made in the shaft 244 (not shown) and which is coaxial 
therewith. The tube 281 has a length d of about 50 mm 
at most. Secondly, a tube 282 made of material opaque 
to radiation is fitted in the other portion of the passage 
248 and mounted on the radiation source guide 257. 

Since the tube 282 fitted in the passage 248, except 
in the distal portion thereof, is opaque to radiation, the 
radiation emitted from the radiation source 256 does not 
leak from the applicator until the source 256 is guided 
into the distal end portion of the passage 248. In other 
words, the radiation would not be applied, but from the 
distal end portion of the passage 248. This ensures helps 
to increase the safety of therapy. 

A medical apparatus according to the thirty-second 
embodiment of the present invention will be described 
with reference to FIG. 41 . 

The thirty-second embodiment is a modification of 
the twenty-ninth embodiment (FIGS. 38A to 38C). As 
shown in FIG. 41, the intra-cavity applicator 241 of the 
thirty-second embodiment has a connector 291 con- 
nected to the proximal end of the radiation source pas- 
sage 248. The connector 291 can be coupled to the 
radiation source remote-controller 266 for controlling a 
radiation source 256. When a different type of a radiation 
source remote-controller is used, the connector 291 is 
replaced by another which is shaped so as to be coupled 
to thtfremote-controller of the different type. 

With the medical apparatus shown in FIG. 41 it is 
possible to insert the radiation source 256 into the pas- 
sage 248, without using a radiation source guide tube 
265 of the type used in the twenty-ninth embodiment. 
Therefore, the shaft 244 can be thinner, having a diam- 
eter less than its counterpart of the twenty-ninth embod- 
iment by about 1 to 1 .5 mm, and can be more smoothly 
inserted into a body cavity. Since no radiation source 
guide tube is required, the radiation source would not be 
displayed with respect to the passage 248, unlike in the 
case where a guide tube is used. This helps to enhance 
the safety of therapy. 

FIGS. 42 and 43 illustrates a medical apparatus 
according to the thirty-third embodiment of the present 
invention, more precisely the intra-cavity applicator 102 
of the medical apparatus. 

The intra-cavity applicator 102 is similar to its coun- 
terpart of the twenty-sixth embodiment (FIGS. 34 and 
35). As illustrated in FIGS. 42 and 43, two hollow cylin- 
ders 301 and 302 made of lead are mounted on the distal 
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end portion of the shaft 1 1 5 of the applicator 1 02, for pre- 
venting radiation from leaking from the shaft 115. The 
cylinders 301 and 302 are spaced apart along the axis 
of the shaft 115. A high-frequency electrode 125 is 
wound around that portion of the shaft 115 located 5 
between the cylinders 301 and 302. A balloon 126 is 
mounted on the distal end portion of the shaft 1 15, cov- 
ering both hollow cylinders 301 and 302. 

The applicator 102 has at its proximal end portion 
1 07 a water inlet connector 303, a water outlet connector 
304, a sensor connector 305, an electrode cable con- 
nector 306, and a radiation source guide 307. The water 
inlet connector 303 is connected to the water supplying 
passage 117 made in the shaft 115. The water outlet 
connector 30 4 is connected to the water discharging 
passage 118 formed in the shaft 115. The sensor con- 
nector 305 is connected to the temperature sensor cable 
123 extending through the temperature sensor passage 
119 formed in the shaft 1 15. The electrode cable con- 
nector 306 is connected to the electrode cable 124 
extending in the electrode cable passage 120 provided 
in the shaft 115. The radiation source guide 307 is pro- 
vided to guide a radiation source tube 112 into the radi- 
ation source passage 116 formed in the shaft 1 15. 

It will be explained how a surgeon use the medical 
apparatus according to the thirty-third embodiment, in 
order to treat an affected part present in a body cavity of 
a patient. 

At first, the surgeon insert the applicator 1 02 into the 
body cavity such as the esophagus, rectum, or vagina, 
until the distal end portion of the applicator 102 reaches 
the affected part in the body cavity. This done, he or she 
supplies cooling water into the balloon 126. inflating the 
balloon 126. The distal end portion of the applicator 102 
is thereby held in place in the body cavity. Thereafter, the 
surgeon controls the high-frequency electrode 125 in 
accordance with the temperature the sensor 127 has 
detected. That is, the surgeon supplies a high-frequency 
current to the electrode 1 25 and stops supplying the cur- 
rent thereto, thereby keeping the affected part at 42 to 
43°C. 

To perform radiotherapy on the affected part, the sur- 
geon inserts a radiation source 128 from the radiation 
source guide 307 into the radiation source passage 1 1 6 
through the radiation source tube 112. The radiation 
emitted from the source 128 set in the passage 1 16 is 
applied onto the affected part, which is subjected to radi- 
otherapy. Since the hollow cylinders 301 and 302 are 
made of lead and hence opaque to racfiation, the radia- 
tion is emitted from that portion of the shaft 115 which is 
located between the cylinders 301 and 302. 

Like the twenty-sixth embodiment, the thirty-third 
embodiment enables the surgeon to perform thermo- 
therapy and radiotherapy, either simultaneously or 
sequentially. Additionally, the radiation can be applied 
onto only the affected part since the cylinders 301 and 
302 prevent the radiation from being applied to any part 
other than the affected part. 



The hollow cylinders 301 and 302 may be located 
outside the balloon 126. The cylinders 301 and 302 may 
be replaced by strips opaque to radiation. They may be 
loosely mounted on the shaft 11 5 so that they may slide 
along the shaft 1 1 5 to change the position where the radi- 
ation is shielded. Further, they may be made of iron, lead 
glass or tungsten, instead of lead. 

FIGS. 44 and 45 show a large extracorporeal appli- 
cator 321 which is designed for use in combination with 
the intra-cavrty applicator 1 02 of the twenty-sixth embod- 
iment (FIGS. 34 and 35). 

Unlike the intra-cavrty applicator 102, the extracor- 
poreal applicator 321 is wrapped around a patient, as 
illustrated in FIG. 44. The applicator 321 may be wrapped 
around the patient's chest to heat the esophagus. It may 
be wrapped around the patient's waist to heat the rectum 
or the vagina. 

As shown in FIG. 45, the extracorporeal applicator 
321 comprises a main body 321a, a plate-shaped extra- 
corporeal electrode 322, a lead plate 323, and a bolus 
324. The electrode 322 is embedded in the main body 
321a. The lead plate 323 is also embedded in the main 
body 321a, surrounding the extracorporeal electrode 
322. The bolus 324 is connected to the main body 321a. 
Connected to the bolus 324 are a water supplying tube 
325 and a water discharging tube 326. Through the tubes 
325 and 326 cooling water is supplied into and dis- 
charged from the bolus 324. circulating therein. 

When the extracorporeal applicator 321 is wrapped 
around the patient, radiation is applied to an affected part 
only, not to any other part. For example, when the appli- 
cator 321 is wrapped around the patient's chest as 
shown in FIG. 44, to apply radiation to the esophagus, it 
prevents application of radiation to any other organ such 
as the brain. 

The extracorporeal applicator 321 prevents any part 
other than an affected part from being exposed to radi- 
ation. When used jointly with the intra-cavrty applicator 
102 of the twenty-sixth embodiment (FIGS. 34 and 35), 
it enables a surgeon to conduct thermotherapy and radi- 
otherapy, simultaneously or sequentially. 

FIG. 46 illustrates a medical apparatus which is the 
thirty-fifth embodiment of the present invention. More 
precisely, it is a partly sectional, perspective view of the 
intra-cavity applicator 102 of the medical apparatus. 

This intra-cavity applicator 102 is a modification of 
its counterpart of the twenty-sixth embodiment (FIGS. 34 
and 35). As seen from FIG. 46, the applicator 1 02 is char- 
acterized in that a strip-shaped high-frequency electrod 
331 made of electrically conductive rubber is wound 
around the distal end portion of the shaft 115 which is 
made of silicone. 

As shown in FIG. 46, the applicator 102 has at its 
proximal end portion 107 a radiation source guide 116a. 
a water inlet connector 332. a water outlet connector 
333, a sensor connector 334, an electrode cable con- 
nector 335. The radiation source guide 1 16a is provided 
to guide a radiation source tube 112 into the radiation 
source passage 1 1 6 formed in the shaft 1 1 5. The water 
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inlet connector 332 is connected to the water supplying 
passage 117 made in the shaft 115. The water outlet 
connector 333 is connected to the water discharging 
passage 118 formed in the shaft 115. The sensor con- 
nector 334 is connected to the temperature sensor cable 5 
1 23 extending through the temperature sensor passage 
119 formed in the shaft 115. The electrode cable con- 
nector 335 is connected to the electrode cable 124 
extending in the electrode cable passage 120 provided 
in the shaft 115. 

In order to treat an affected part present in a patient's 
body cavity, a surgeon inserts the applicator 1 02 with the 
balloon 126 deflated, into the body cavity. The surgeon 
then supplies cooling water into the balloon 1 26 from the 
water inlet connector 332 through the water supplying 
passage 117. The balloon 126 is thereby inflated until it 
touches the inner surface of the body cavity, whereby the 
distal end portion of the applicator 102 is held in place 
in the body cavity. As the water is continuously supplied 
into the balloon 126, the excessive water is discharged 
from the balloon 1 26 through the water discharging pas- 
sage 1 1 8 and the water outlet connector 333. Hence, the 
cooling water circulates in the balloon 1 26. 

To perform thermotherapy on the affected part 
present in the body cavity, a current is supplied between 
the electrode 331 of the intra -cavity applicator 102 and 
the electrode of an extracorporeal applicator (not shown) 
of the type shown in FIGS. 45A and 45B which is 
wrapped around the patient. 

To carry out radiotherapy on the affected part, the 
surgeon inserts a radiation source 1 28 from the radiation 
source guide 1 1 6a into the radiation source passage 1 1 6 
through the radiation source tube (no shown). The radi- 
ation emitted from the source 128 set in the radiation 
source passage 116 is applied onto the affected part, 
which is subjected to radiotherapy. 

Since the high-frequency electrode 331 is made of 
electrically conductive rubber, the radiation can pass the 
electrode 331 more readily than through an ordinary 
electrode which is made of metal. Thus, the electrode 
331 serves to enhance the efficiency of applying radia- 
tion to the affected part. It therefore enables the surgeon 
to perform radiotherapy in the same condition, either sin- 
gly or in combination with thermotherapy. 

FIG. 47 shows the distal end portion of the intra-cav- 
ity applicator 102 incorporated in a medical apparatus 
according to the thirty-sixth embodiment of the present 
invention. 

As in the twenty-sixth embodiment, an electrode 341 
which is a tin-plated wire is wound around the distal end 
portion of the shaft 1 15of the intra-cavity applicator 102, 
thereby forming a coil. The middle part 341 a of the elec- 
trode 341 is made of turns sparsely arranged, whereas 
both end parts 341b and 341c are constituted by turns 
densely arranged. 

Although the electrode 341 is a coil made of a tin- 
plated wire which is opaque to radiation, radiation can 
emanate outwards through the middle part 341a of the 
electrode 341, which is formed of sparsely arranged 



turns. On the other hand, the radiation cannot pass 
through the end parts 341b and 341c which are formed 
of densely arranged turns. Hence, as in the thirty-third 
embodiment (FIGS. 42 and 43), any part other than an 
affected part can be protected from radiation exposure. 

FIG. 48 shows the distal end portion of the intra-cav- 
ity applicator 102 incorporated in a medical apparatus 
according which is the thirty-seventh embodiment of the 
invention. An electrode 351 which is a mesh of tin-plated 
wires is wound around the distal end portion of the shaft 
1 15 of the applicator as in the twenty-sixth embodiment. 
A balloon 126 is mounted on the distal end portion of the 
shaft 1 15, covering the mesh electrode 351. The mesh 
electrode 351 consists of a coarse middle part 351a, a 
dense front end part 351 b and an equally dense rear end 
part 351c. 

The middle part 351a is located in the middle part 
ofthe balloon 126, whereas the end parts 351b and 351c 
are located in the end parts thereof. Radiation can there- 
fore be emitted outwards through the middle part 351a 
of the electrode 351 and cannot emanate through the 
dense end parts 351b and 351c. Any part other than an 
affected part can be protected from radiation exposure 
as in the thirty-sixth embodiment (FIG. 47). 

FIG. 49 is a cross-sectional view of the intra-cavity 
applicator 1 02 provided in a medical apparatus which is 
the thirty-eighth embodiment of the present invention. 

This intra-cavity applicator 102 is a modification of 
its counterpart of the twenty-sixth embodiment (FIGS. 34 
an 35). The applicator 102 is characterized in that four 
radiation source passages 361a to 361 d are made in the 
shaft 1 15 as seen from FIG. 49. These passages 361a 
to 361 d are equidistant from the axis of the shaft 1 1 5 and 
spaced apart at regular intervals along the circumfer- 
ence of the shaft 11 5. 

In order to conduct radiotherapy, four radiation 
sources 1 28 are inserted into the passages 361 a to 361 d 
through four radiation source tubes (not shown). Radia- 
tion is emitted from the sources 128 and distributed vir- 
tually uniformly in a plane which is perpendicular to the 
axis of the shaft 115. 

A medical apparatus according to the thirty-ninth 
embodiment of the invention will be described with ref- 
erence to FIGS. 50A and 50B. FIG. 50 A shows the distal 
end portion of the intra-cavity applicator 1 02 used in the 
medial apparatus, and FIG. SOB is a cross-sectional view 
of the applicator 102. 

The intra-cavity applicator is a modification of the 
applicator 102 of the twenty-sixth embodiment (FIGS. 34 
and 35). As shown in FIG. 50 A, a thin shaft 371 protrudes 
from the distal end of the shaft 115, and a tip member 
having the same diameter as the shaft 115 is connected 
to the distal end of the thin shaft 371 . A thermotherapeu- 
tic electrode 1 25 is wound around the thin distal end por- 
tion 371 . As illustrated in FIG. 50B. the shaft 1 15 has four 
radiation source passages 381a to 381 d which open at 
the distal end. Four connection tubes 382a to 382d are 
connected at proximal end to the distal ends of the radi- 
ation source passages 381 a to 381d. The tubes 382a to 
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382d extend between the shaft 115 and the tip member, 
parallel to the-axis of the thin shaft 371 . The tubes 382a 
to 382d are spaced apart at regular intervals along the 
circumference of the shaft 115. 

A balloon 1 26 is mounted on the shaft 1 1 5, with its 5 
front and rear ends fastened to the tip member and the 
distal end of the shaft 1 1 5, respectively. A water supply- 
ing passage 117, a water discharging passage 118, a 
temperature sensor passage 119, and an electrode 
cable passage 1 20 are formed in both the shaft 1 1 5 and 10 
the thin shaft 371 , extending parallel to the identical axis 
of the shaft 1 1 5 and the thin shaft 371 . The thin shaft 371 
has four holes 1 1 7b to 1 20b in its circumferential surface, 
which communicate with the passages 1 1 7 to 1 20. 

Four radiation sources 128 have been inserted into 15 
the connection tubes 382a to 382d via radiation source 
tubes (not shown) and the radiation source passages 
381 a to 381 d. Radiation is emitted from the sources 128, 
distributed substantially uniformly in a plane perpendic- 
ular to the axis of the shaft 1 1 5, whereby radiotherapy is 20 
carried out. 

A medical device according to the fortieth embodi- 
ment of the invention will be described with reference to 
FIGS. 51 and 52 and FIGS. 53A to 53E. FIG. 51 shows 
the thermotherapeutic applicator 401 used in the medi- 2s 
cal apparatus. FIG. 52 is a cross-sectional view of the 
applicator 401 . FIGS. 53A to 53E are diagrams explain- 
ing how radiation is distributed from the thermotherapeu- 
tic applicator 401. 

As seen from FIG. 51 , the thermotherapeutic appli- 30 
cator 401 comprises a proximal section 402, a shaft 403 
and a distal section 404. The shaft 403 has multi-lumen 
structure. That is, as shown in FIG. 52, five radiation 
source passages 405, a water supplying passage 405a, 
a water discharging passage 405b, a temperature sen- 35 
sor passage 405c and an electrode cable passage 40 5d 
are formed in the shaft 403. The center radiation source 
passage 405 is coaxial with the shaft 403. The passages 
405a, 405b, 405c and 405d extend parallel to the axis of 
the shaft 403. Four more radiation source passages 405 40 
are formed in the shaft 403, extending parallel to the axis 
thereof and located among the passages 405a to 40 5d 
as shown in FIG. 52. Five radiation source tubes 406 are 
inserted into the radiation source passages 405, respec- 
tively. 45 

A high-frequency electrode 407, which is a wire, is 
wound around the distal section 404 of the shaft 403. 
The electrode is used to conduct thermotherapy. A bal- 
loon 413 is fastened to the distal section 404, covering 
the high-frequency electrode 407. so 

Radiation sources 408 are inserted into the radiation 
source tubes 406 inserted in the radiation source pas- 
sages 405. The sources 408 can be located in the pas- 
sages 405, surrounded by the high-frequency electrode 
407. As shown in FIG. 51 . the radiation source passages 55 
405 are opened at the distal end of the shaft 403. None- 
theless, the passages 405 may be closed at the distal 
end of the shaft 403. 



At the proximal section 402, the water supplying 
passage 405a is connected to a water supplying tube 
409, and the water discharging passage 405b to a water 
discharging tube 410. A temperature sensor cable 41 1 
extends through the temperature sensor passage 405c, 
and an electrode cable 412 extends through the elec- 
trode cable passage 405d. 

Cooling water can flow into the balloon 413 through 
the water supplying passage 405a and from the balloon 
413 through the water discharging passage 405b, to cir- 
culate within the balloon 413. The temperature sensor 
cable 41 1 is led outside at the rear end of the balloon 
413 and connected to a temperature sensor 41 4, which 
is mounted on the outer surface of the balloon 41 3. The 
electrode cable 41 2 is led out from the shaft 403 and con- 
nected to the electrode 407, within the balloon 413. 

It will be explained how a surgeon use the thermo- 
therapeutic applicator 401 to an affected part present in 
a patient's body cavity. 

The applicator 401 is used an operating room of the 
type shown in FIG. 19, which is electromagnetically 
shielded. First, the surgeon connects the applicator 401 
to a hyperthermia device (not shown) of the type shown 
in FIG. 1 9. He or she then evacuates the rater supplying 
tube 409 and the water discharging tube 410. Cooling 
water is thereby drawn from the balloon 413, deflating 
the balloon 413. The surgeon inserts the applicator 401 
into the patient's body cavity. The radiation source tube 
406 is inserted into the passage 405, either before or 
after the insertion section of the applicator 401 is 
inserted into the body cavity. 

After the insertion section of the applicator 401 is 
inserted into the body cavity, cooling water is supplied 
into and circulated in the balloon 413. The balloon 413 
is thereby inflated and comes into contact with the inner 
surface of the body cavity. As a result, the distal end por- 
tion of the thermotherapeutic applicator 401 is held 
steadfastly in the body cavity. 

"men, the surgeon starts performing thermotherapy. 
When the affected pari in the body cavity is heated to a 
desired temperature, the surgeon steps out of the oper- 
ating room. Outside the room, the surgeon operates a 
radiotherapy controller of the type shown in FIG. 1 9. The 
controller is connected to the radiotherapeutic devic 
installed in the operating room. The radiation sources 
408 are thereby inserted from the radiotherapeutic 
device into the radiation source tubes 406 which are 
inserted in the body cavity. The sources 408 are placed 
in the distal section 404 of the applicator 401 because 
the tubes 406 are inserted in the passages 405 of the 
applicator 401. 

The radiation sources 408 set in the passages 405 
emits radiation, which is applied onto the affected part 
present in the patient's body cavity. Radiotherapy is thus 
conducted on the affected part. 

If the thermotherapeutic applicator 401 had only one 
radiation source passage 405, the radiation emitted from 
the applicator 401 would extend in all directions as 
shown in FIG. 53A, in a spherical space whose center is 
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the radiation source 408 set in the thermotherapeutic 
applicator 401 . The distribution of radiation emitted from 
the applicator 401 is determined by the position and size 
of the radiation source 408. 

As mentioned above, the shaft 403 of the applicator 
401 has five radiation source passages 405. The sur- 
geon can inserts one to five radiation source tubes 406 
into selected one or ones of the radiation source pas- 
sages 405. in accordance with the shape, size and posi- 
tion of the affected part he or she is going to treat. The 
first radiation source passage 405 is coaxial with the 
shaft 403, whereas the remaining four source passages 
405 are equidistant from the axis of the shaft 403 and 
spaced apart at regular intervals along the circumfer- 
ence of the shaft 403. Hence, when five radiation sources 
408 are inserted in all radiation source passages 405, 
the radiation they emit is distributed uniformly in a circu- 
lar plane which is perpendicular to the axis of the appli- 
cator 401 as is illustrated in FIG. 53B. 

To apply radiotherapy on cancer developing on the 
entire inner surface of a body cavity, it is desirable that 
five radiation sources 408 be inserted in all radiation 
source passages 405 as shown in FIG. 53B. In this case, 
the radiation applied from the applicator 401 is five times 
as intense as in the case where only one radiation source 
408 is set in the thermotherapeutic applicator 401 . 

Assume a radiation source 408 is inserted in one of 
the four radiation source passage 405 which extend par- 
allel to the axis of the shaft 403, as shown in FIG. 53C. 
Then, the radiation emitted from the source 408 is dis- 
tributed in a circular plane which is perpendicular to the 
axis of the applicator 401 and whose center is the source 
408, not the axis of the shaft 403. This specific distribu- 
tion of radiation is desirable to treat, for example, cancer 
developing on a limited region of the inner surface of the 
body cavity. So distributed, the radiation is applied to the 
cancer only. This makes effective radiotherapy possible. 

Further assume that three radiation sources 408 are 
inserted in three adjacent ones of the radiation source 
passage 405 which extend parallel to the axis of the shaft 
403, as shown in FIG. 53D. In this case, the radiation the 
sources 408 emit overlap and are distributed in the axial 
direction of the shaft 403. As this example teaches, radi- 
ation can be distributed in a way desirable for treating an 
affected part by inserting radiation sources 408 into 
selected ones of the radiation source passages 405. 

To apply radiation to radiation onto cancer which 
extends along the applicator 401 , two or more radiation 
sources 408 may be located in the radiation source pas- 
sages 405 and displaced from one another in the axial 
direction of the applicator 401 , as is shown in FIG. 53E. 
In this case, the radiation is distributed in an elliptical 
region which extends along the thermotherapeutic appli- 
cator 401 . If the radiation thus distributed is less intense 
than desired, it suffices to insert more radiation sources 
408 into the passages 405. 

The surgeon needs to insert the applicator 401 into 
the body cavity, but only once, to perform thermotherapy 
and hyperthermia an affected part present in the body 



cavity. Thus, the affected part can be treated more easily 
than otherwise. Further, the use of the thermotherapeu- 
tic applicator 401 is advantageous in the following 
respects. 

5 First, radiation sources 408 can be placed in any 
selected passage 405 and at any desired position along 
the axis thereof, because the shaft 403 has a plurality of 
radiation source passages 405. As a result, the radiation 
can be distributed in the following three patterns: 

10 

(a) Radiation is distributed uniformly to the entire 
surface of a body cavity when radiation sources 408 
are inserted in all radiation source passages 405 as 
shown in FIG. 53B. In this case, the radiation can be 

15 effectively applied to the cancer developing on the 
entire inner surface of the body cavity. 

(b) Radiation is distributed to a limited region of the 
inner surface of the body cavity when radiation 
sources are inserted two or more of the radiation 

20 source passages as illustrated in FIG. 53C or 53D. 
The radiation can be applied to the cancer develop- 
ing on that limited region of the inner surface of the 
body cavity, not to the normal tissues present on the 
other region of the inner surface. 

25 (c) Radiation is distributed in an elliptical region 
extending along the applicator 401 when two or 
more radiation sources may be located in the radia- 
tion source passages and displaced from one 
another in the axial direction of the applicator 401, 

30 as is shown in FIG. 53E. The radiation can be 
applied to cancer which extends along the applicator 
401. 

Secondly, the dose of the radiation emitted from the 
35 applicator 401 can be increased, if necessary, merely by 
inserting more radiation sources 408 into the passages 
405. Once the dose is thus increased, the time required 
to complete the radiotherapy can be shortened. (Gener- 
ally, the amount "of radiation a source emits decreases 
40 with time. If only one radiation source is used, it must 
keep emitting radiation until the total amount of radiation 
emitted becomes adequate.) 

Thirdly, any radiation source 408 placed in the appli- 
cator 401 would not distort the temperature distribution 
45 which the hyperthermia achieves in the affected part. 
This is because the radiation source 408 is surrounded 
by the high-frequency electrode 407, Furthermore, the 
radiation source tubes 406 would not slips out of the 
applicator 401. provided that the radiation source pas- 
se sages 405 are closed at their distal ends. This ensures 
the safety of therapy. The passages 405. if opening at 
distal end. can be used for guiding an endoscope or an 
medical instrument into the body cavity, so that an 
affected part in the cavity may be observed and treated. 
55 If a radiation source 408 is inserted into the first pas- 
sage 405 coaxial with the shaft 403 of the applicator 401 , 
the radiation it emits will be uniformly distributed in a cir- 
cular plane whose center is on the axis of the shaft 403, 
as in the twenty-sixth embodiment. 
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FIG. 54 is a cross-sectional view the thermothera- 
peutic applicator incorporated in a medical apparatus 
according to a forty-lirst embodiment of the invention. 

The thermotherapeutic applicator is cfiffers from its 
counterpart of the fortieth embodiment (FIGS. 51 and 52 
and FIGS. 53A to 53E) in the structure of the shaft 403. 
As illustrated in FIG. 54, the shaft 403 has eight radiation 
source passages 405 in the near-surface region of its 
distal section 404. To be more specific, the passages 405 
extends parallel, located at the same distance from the 
axis of the shaft 403 and equally spaced along the cir- 
cumference. In addition, a water supplying passage 
405a, a water discharging passage 405b, a temperature 
sensor passage 405c and an electrode cable passage 
405d are formed in the distal section 404 of the shaft 403, 
surrounded by the radiation source passages 405. 

The radiation source passages 405 need not be 
located at the same distance from the axis of the shaft 
403 and equally spaced along the circumference. The 
number of passages 405 provided is not limited to eight. 

The thermotherapeutic applicator is used in the 
same way as the applicator of the fortieth embodiment, 
except that a surgeon can use the passages 405 in more 
combinations and can set radiation sources in more pos- 
sible positions, in accordance with the size, shape and 
position of an affected part he or she is going to treat. 
When radiation sources are placed in all passages 405 
provided, the radiation emitted from the sources is dis- 
tributed uniformly in a circular plane perpendicular to the 
axis of the shaft 403. In this case, the radiation is effec- 
tively applied to cancer developing on the entire inner 
surface of the body cavity. Moreover, when radiation 
sources are placed in all passages 405, radiation can be 
applied to the cancer in a greater amount so that the can- 
cer may be treated more effectively within a shorter time 
than by means of the thermotherapeutic applicator 401 
of the fortieth embodiment. 

A medical apparatus according to the forty-second 
embodiment of the present invention will be described, 
with reference to FIGS. 55 to 57. This embodiment differs 
from the fortieth embodiment (FIGS. 51 and 52, FIGS. 
53A to 53 E) and the forty-first embodiment (FIG. 54) in 
the structure of the shaft 403 of the thermotherapeutic 
applicator 401. 

As shown in FIG. 57, three radiation source pas- 
sages 405 are provided side by side in a part of the near- 
surface region of the distal portion of the shaft 403. A 
mark 432 is provided on the proximal section 402 of the 
applicator 401, indicating the position of the radiation 
source passages 405. 

The applicator 401 of the forty-second embodiment 
is suitable for use in treating cancer developing in a lim- 
ited region on the inner surface of a body cavity. To per- 
form radiotherapy on such cancer, a surgeon inserts the 
applicator 401 into the body cavity. He or she then rotates 
the applicator 401 until the mark 432 comes to face the 
cancer. The radiation source passages 405 formed in the 
shaft 403 of the applicator 401 are thereby made to 
oppose the cancer. The positions the passages 405 take 



with respect to the cancer and the number of radiation 
sources 408 to be set in the passages 405 are changed 
in accordance with the size of the cancer. More specifi- 
cally, if the cancer extends a short distance along the 

5 circumference of the body cavity, the sources 408 are 
used in small numbers to distribute radiation in a rela- 
tively small part of the inner surface of the body cavity. 
Conversely, it the cancer extends a long distance along 
the circumference of the cavity, the sources 408 are used 

10 in great numbers to distribute radiation in a compara- 
tively large part of the inner surface of the body cavity. 

Like the fortieth embodiment, the forty-second 
embodiment can apply radiation to the cancer develop- 
ing on that limited region of the inner surface of the body 

75 cavity, not to the normal tissues present on the other 
region of the inner surface. Having less radiation source 
passages 405. the thermotherapeutic applicator 401 is 
mechanically stronger, can be made more easily, and 
can be manufactured at a lower cost than its counterpart 

20 of the fortieth embodiment. 

A medical apparatus according to the forty-third 
embodiment of the invention will be described with ref- 
erence to FIGS. 58 and 59. FIG. 58 is a partially sectional 
view illustrating the distal end portion of the thermother- 

25 apeutic applicator used in the medical apparatus. FIG. 
59 is a cross-sectional view of the shaft 403 of the appli- 
cator. 

As can be understood from FIG. 59, the shaft 403 
has four radiation source passages 405 in its near-sur- 

30 face region. The shaft 403 also has a water supplying 
passage 405a, a water discharging passage 405b, a 
temperature sensor passage 405c and an electrode 
cable passage 405d in its core region. As shown in FIG. 
58, a thin shaft 403a protrudes from the distal end of the 

35 shaft 403. A thermotherapeutic electrode 1 25 is wound 
around the thin distal end portion 371 . The water supply- 
ing passage 405a, water discharging passage 405b, 
temperature sensor passage 405c and electrode cable 
passage 405d extend through the thin shaft 403a, as well 

40 as the shaft 403. A balloon 41 3 is secured to the distal 
end of the shaft 403 and that of thin shaft 403a, covering 
the thin shaft 403a. The radiation source passages 405 
open at the distal end 403b of the shaft 403. 

Four tubes 433 are connected at proximal end to the 

45 open ends of the passages 405. These tubes 433 facil- 
itate the positioning of radiation source tubes (not 
shown) within the balloon 41 3. The tubes 433 can be dis- 
pensed with, because the radiation source tubes can b 
positioned without using the tubes 433. 

so A high-frequency electrode 407 is wound around the 
thin shaft 403a and, hence, surrounded by the radiation 
sources 408 set in the tubes 433. Therefore, the elec- 
trode 407 would not affect the distribution of radiation 
emitted outwards from the radiation sources 408. 

55 The forty-third embodiment can not only attain the 
same advantages as the fortieth to forty-second embod- 
iments. But also can it enable a surgeon to position the 
sources 408 reliably, provided that the tubes 433 are con- 
nected to the open ends of the radiation source pas- 



25 



BNSDOCID: <EP 071957 1A2_L> 



49 



EP 0 719 571 A2 



50 



sages 405. In the case where the tubes 433 are not 
utilized, it will be easier to assemble the applicator, 
reducing the manufacturing cost thereof. 

FIG. 60 shows a medical apparatus according to the 
forty-fourth embodiment of the invention, more precisely 5 
the distal end portion of thethermotherapeutic applicator 
which the medical apparatus incorporates. 

The thermotherapeutic applicator is a modification 
of the applicator 401 of the fortieth embodiment (FIGS. 
51 and 52 and FIGS. 53A to 53E). ft differs in two 10 
respects. First, the shaft 403 has no radiation source 
passages. Second, a plurality of radiation source tubes 
434 are used which are made of Teflon or the like and 
which have a small coefficient of friction. 

The radiation source tubes 434 extend parallel to the is 
shaft 403 and spaced apart from one another along the 
circumference of the shaft 403. They are secured to the 
shaft 403 by adhesive 435. The shaft 403 has a water 
supplying passage 405a, a water discharging passage 
405b, a temperature sensor passage 405c and an elec- 20 
trode cable passage 405d in its core region. 

The forty-fourth embodiment attains the same 
advantages as the fortieth embodiment. Additionally, the 
thermotherapeuttc applicator is simple in structure, can 
be manufactured at low cost, and can be sold at low 25 
price. 

A medical apparatus according to the forty-fifth 
embodiment of the invention will be described, with ref- 
erence to FIGS. 61 and 62. FIG. 61 shows the thermo- 
therapeutic applicator incorporated in the medical 30 
apparatus, and FIG. 62 is a cross-sectional view taken 
along line 62-62 shown in FIG. 61.. 

The thermotherapeutic applicator is a modification 
of its counterpart of the fortieth embodiment (FIGS. 51 
and 52 and FIGS. 53A to 53E). It is characterized in that 35 
the shaft 403 has no radiation source passages and that 
four tubes 436 are mounted on the balloon 423. The 
tubes 436 are spaced apart along the circumference of 
the balloon 413, at angular intervals of 90°. Radiation 
source tubes 406 can be inserted into the tubes 436 40 
mounted on the balloon 423. If necessary, the tubes 436 
may be located at different positions on the balloon 413. 

Once the radiation source tubes 406 are inserted 
into the four tubes 436 mounted on the balloon 413, the 
radiation sources can be located very near an affected 45 
part present in a patient's body cavity when the applica- 
tor is inserted in the body cavity. The forty-fifth embodi- 
ment not only achieves the same advantages as the 
fortieth embodiment, but also makes it easier for a sur- 
geon to calculate the distribution of radiation. Moreover, so 
the applicator can apply a greater dose of radiation to 
the affected part than in the case where the radiation 
sources are placed in the shaft 403. 

A medical apparatus according to the forty-sixth 
embodiment of this invention will be described with ref- ss 
erence to FIGS. 63 and 64. FIG. 63 shows the distal por- 
tion of the thermotherapeutic applicator incorporated in 
the apparatus. FIG. 64 is a cross-sectional view taken 
along line 64-64 shown in FIG. 63. 



The forty-sixth embodiment is a first modification of 
the forty-fifth embodiment (FIGS. 61 and 62). As seen 
from FIGS. 63 and 64, the thermotherapeutic applicator 
has four tubes 437 mounted on the balloon 413. Each 
tube 437 is thick enough to accommodate two or more 
radiation source tubes 406, whereas each tube 436 can 
accommodate but only one radiation source tube in the 
forty-fifth embodiment. 

Since two or more radiation source tubes 496 can 
be inserted into each of the tubes 437 mounted on the 
balloon 413, the radiation emitted from each tube 437 
can be greater than is possible with the applicator of the 
forty-fifth embodiment. The forty-sixth embodiment not 
only attain the same advantages as the forty-fifth embod- 
iment, but also can apply radiotherapy for a longer time 
by inserting a plurality of radiation source tubes 406 into 
each tube 437, even if the tubes 406 emit an insufficient 
dose of radiation. 

A medical apparatus according to the forty-seventh 
embodiment of the present invention will be described, 
with reference to FIG. 65 which shows the thermothera- 
peutic applicator incorporated in the apparatus. 

The forty-seventh embodiment is a second modifi- - 
cation of the forty-fifth embodiment (FIGS. 61 and 62). 
This embodiment is characterized in that the tubes 436 
are mounted on not only the balloon 413 but also the 
shaft 403. as is shown in FIG. 65. 

The forty-seventh embodiment not only attain the 
same advantages as the forty-fifth embodiment. In addi- 
tion, it is easy for a surgeon to insert the radiation source 
tubes 406 into the tubes 436 or the radiation sources (not 
shown) directly into the tubes 436. This is because each 
tubeOe 436 has its proximal portion provided on the prox- 
imal section of the applicator. 

A medical apparatus according to the forty-eighth 
embodiment of the invention will be described with ref- 
erence to FIGS. 66 and 67. FIG. 66 illustrates the 
thermo/radio therapeutic applicator 501 incorporated in 
the medical apparatus, and FIG. 67 is a sectional view 
taken along line 67-67 shown in FIG. 66. 

As shown in FIGS. 66 and 67, the applicator 501 has 
a shaft 502 made of soft material such as silicone rubber. 
Two balloons 503a and 503b are mounted on the distal 
portion of the shaft 502. The balloons 503a and 503b are 
made of silicone rubber or the like, each having a thin 
wall thickness. 

A plurality of thermotherapeutic electrodes (not 
shown) are mounted on that part of the shaft 502 which 
is covered by each balloon. These electrodes are made 
of tin-plated copper wires wound around the shaft 502. 
The applicator 501 has four temperature sensors 504a 
to 504d. The sensing elements of the sensors 504a and 
504b are mounted on the first balloon 503a, and those 
of the sensors 504c and 504d are mounted on the sec- 
ond balloon 503b. 

As shown in FIG. 67, the shaft 502 has eight lumina. 
Of these lumina, four lumina 505a to 505d are used as 
radiation source passages, and two lumina 506c and 
506d are used as a coolant supplying passage and a 
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coolant discharging passage. The remaining two lumina 
are used as a signal cable passage and an electrode 
cable passage, respectively. The inner surfaces of the 
radiation source passages 505a to 505d are coated with 
layers of f luororesin or the like which has a small friction 5 
coefficient. 

Connectors 509a to 50 9d are coupled at distal end 
to the rear ends of the radiation source passages 505a 
to 505d. The connectors 509a to 509d can be connected 
at the proximal end to a radiotherapy controller of the 
type shown in FIG. 19. It should be noted that the con- 
troller is operated by a surgeon to remote-control the 
radiation sources 51 0a to 51 Od inserted in the passages 
505a to 505d. A coolant inlet connector 506a is coupled 
to rear end of the coolant supplying passage 506c, and 
a coolant outlet connector 506b to the rear end of the 
coolant discharging passage 506d. The connectors 
506a and 506b can be connected to a coolant circulating 
unit. 

A signal cables 504 extends through the signal cable 
passage and are connected at distal end to the temper- 
ature sensors 504a to 504d and at rear end to tempera- 
ture sensor connectors 507a and 507b. The cables 504 
can therefore transfer the signals output from the sen- 
sors 504a to 504d to the temperature sensor connectors 
507a and 507b. 

A cable 508 extends through the electrode cable 
passage, a high-frequency power to the thermothera- 
peutic electrodes provided on those parts of the shaft 
502 which are covered by the balloons 503a and 503b. 
The cable 508 is connected at distal end to the elec- 
trodes and at rear end to an RF connector 508a. Thus, 
a high-frequency power can be supplied through the 
cable 508 to the thermotherapeutic electrodes provided 
on those parts of the shaft 502 which are covered by the 
balloons 503a and 503b. 

In the present embodiment, the shaft 508 has four 
radiation source passages 505a to 505d. Instead, two, 
three, five, six or more radiation source passages may 
be formed in the shaft 508. 

It will be explained how a surgeon use the 
thermo/radio therapeutic applicator 501 to treat an 
affected part present in a patient's tubular cavity. 

At first, the surgeon connects the coolant inlet con- 
nector 506a, the coolant outlet connector 506b, the tem- 
perature sensor connectors 507a and 507b and the RF 
connector 508a to a hyperthermia device (not shown) of 
the type shown in FIG. 19. Next, he or she inserts the 
distal end portion of the applicator 501 into a tubular cav- 
ity of the patient. Further, the surgeon attaches the elec- 
trode of an extracorporeal applicator (not shown) of the 
type shown in FIG. 19 to the patient, at a position oppos- 
ing to the thermotherapeutic electrodes, and connects 
the electrode to the hyperthermia device. In this condi- 
tion, the surgeon can perform thermotherapy on the 
affected part resent in the body cavity. 

Thereafter, the surgeon connects the connectors 
509a to 509d to a radiotherapeutic device of the type 
shown in FIG. 19. He or she inserts the radiation sources 



510a to 510d into the passages 505a to 505d formed in 
the shaft 502 of the applicator 501 . As a result, it is pos- 
sible for the surgeon to perform racfiotherapy on the 
affected part in the tubular cavity. 

For this very objective, i.e., to perform thermother- 
apy and racfiotherapy simultaneously, the passages 
505a to 505d are made in the near-surface region of the 
shaft 502 and spaced part at regular intervals along the 
circumference thereof, as is illustrated in FIG. 67. Once 
inserted into the passages 505a to 505d. the radiation 
sources 510a to 51 Od are located very close to the 
affected part. A great dose of radiation can be applied 
uniformly to the affected part from the applicator 501 . 

Radiation sources may be inserted into all radiation 
passages 505a to 505d, whereby the radiation is distrib- 
uted uniformly and applied onto the affected part. Alter- 
natively, radiation sources may be inserted into only 
selected ones of the passages 505a to 505d. whereby 
the radiation is applied onto the affected part in a specific 
direction. 

The medical apparatus according to the forty-eighth 
embodiment enables a surgeon to conduct radio-therapy 
with high efficiency by applying the radiation from the 
sources 510a to 51 Od to the affected part, while heating 
the affected part uniformly by applying electromagnetic 
waves to the affected part. The surgeon can therefore 
treat the affected part effectively within a short period of 
time, without inflicting much pain on the patient. Further- 
more, once the distal end portion of the applicator 501 
is properly positioned in the cavity in preparation for ther- 
motherapy. the radiation sources 51 0a to 51 Od are auto- 
matically set at a desired position with respect to the 
affected part. This helps to increase the safety of therapy. 

A medical apparatus according to the forty-ninth 
embodiment of this invention will be described with ref- 
erence to FIG. 68. FIG. 68 shows the thermotherapeutic 
applicator 501 A incorporated in the medical apparatus. 

The forty-ninth embodiment is a first modification of 
the forty-eighth embodiment (FIGS. 66 and 67). As 
shown in FIG. 68, the thermotherapeutic applicator 501 A 
differs from its counterpart 501 of the forty-eighth 
embodiment in three respects. First, it has three balloons 
51 1 a to 51 1c mounted to the distal end portion of the 
shaft 512, not two as in the forty-eighth embodiment. 
Secondly, the shaft 512 has two radiation source pas- 
sages 512a and 51 2b which are closed at different posi- 
tions, not four as in the forty-eighth embodiment. Thirdly, 
the passages 512a and 512b has closed distal ends 
which are displaced form each other in the axial direction 
of the applicator 501 A. 

Temperature sensors 513a and 513b are mounted 
on the first balloon 51 1 a, temperature sensors 51 3c and 
513d on the second balloon 51 1 b, and temperature sen- 
sors 51 3e and 51 3f on the third balloon 51 1c. The appli- 
cator 501A has three connectors 514a. 514b and 154c 
for supplying gas or liquid into and discharging it from 
the balloons 511a to 51 1c. It also has connectors 515a 
and 515b which are connected at distal end to the radi- 
ation source passages 512a and 512b. The connectors 
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515a and 515b can be connected at rear end to a radi- 
ation source remote-controller (not shown) of the type 
illustrated in FIG. 19. 

Since radiation sources can be set in the passages 
512a and 512b. displaced from each other in the axial 
direction of the applicator 501 A. Thus, the radiation emit- 
ted from the sources is distributed in an elliptical region 
extending along the applicator 501 A. The radiation can 
be applied to a tumor which extends along the applicator 
501 A. The applicator 501 A enables a surgeon to perform 
radiotherapy and thermotherapy at the same time on an 
elongated tumor extending along the applicator 501 A. 

A medical apparatus according to the fiftieth embod- 
iment of this invention will be described with reference to 
FIGS. 69 and 70. FIG. 69 shows the thermotherapeutic 
applicator 501 B used in this medical apparatus, and FIG. 
70 is a sectional view taken along line 70-70 shown in 
FIG. 69. 

The fiftieth embodiment is a second modification of 
the forty-eighth embodiment (FIGS. 66 and 67). As seen 
from FIG. 69, the applicator 501 B has a shaft 520 and 
two balloons 521 and 522 mounted on the distal end por- 
tion of the shaft 520. A thermotherapeutic electrode (not 
shown) is mounted on that part of the shaft 520 which is 
covered by the first balloon 521. The second balloon 522 
defines a radiation-emitting space 531. 

As shown in FIG. 70. the shaft 520 has three radia- 
tion source passages 532a, 532b and 532c, a coolant 
supplying passage 533, a coolant discharging passage 
534, a signal cable passage 535, an electrode cable pas- 
sage 536, and a fluid passage 530. Radiation sources 
can be inserted into the passages 532a, 532b and 532c. 
Coolant can be supplied into the first balloon 521 through 
the coolant supplying passage 533 and can be dis- 
charged from the balloon 521 through the coolant dis- 
charging passage 534. Through the fluid passage 530, 
either gas or liquid can be supplied into and discharged 
from the second balloon 522. 

The applicator 501 B has a connector 525 at the 
proximal end of the shaft 520. The connector 525 is cou- 
pled to the fluid passage 530. 

As shown in FIG. 70, three radiation source tubes 
524a to 524c and three flaps 523a to 523c are provided 
in the radiation-emitting space 531. The tubes 524a to 
524c are connected at proximal end to the radiation 
source passages 532a, 532b and 532c, and secured at 
distal end to the inner ends of the flaps 523a to 523c. 
The outer ends of the flaps 523a to 523c are fastened to 
the inner surface of the second balloon 522. As illus- 
trated in FIG. 70, the flaps 523a to 523c are spaced apart 
along the circumference of the balloon 522, at angular 
intervals of 120°. The radiation source tubes 524a to 
524c are held at distal end to the inner surface of the 
second balloon 522. 

Radiation sources 527a to 527c are inserted in the 
radiation source passages 532a, 532b and 532c pro- 
vided in the shaft 520. More precisely, the distal end por- 
tion of the sources 527a to 527c have been guided into 
the radiation source tubes 524a to 524c. The applicator 



501 B has connectors 526a as shown in FIG. 69, and also 
a sensor signal cable 528 and an electrode cable 529 as 
shown in FIG. 70. The connectors 526a to 526c can be 
connected directly to a radiotherapeutic device of the 
5 type illustrated in FIG. 19. The sensor signal cable 528 
is inserted in the signal cable passage 535. The elec- 
trode cable 529 is inserted in the electrode cable pas- 
sage 536. 

It will be explained how a surgeon use the thermo- 
10 therapeutic applicator 501 B to treat an affected part in a 
patient's body cavity. 

At first, the surgeon inserts the applicator 501 B into 
the body cavity. Then, he or she inflates the second bal- 
loon 522, pulling the flaps 523a to 523c to move the distal 
15 ends of the radiation source tubes 524a to 524c out- 
■' wards from the shaft 520. As a result of this, the radiation 
sources 527a to 527c inserted in the tubes 524a to 524c 
are positioned very close to the affected part. The sur- 
geon can perform effective radiotherapy on the affected 
so portion, without a loss in the dose of radiation emitted 
from the radiation sources 527a to 527c. The second bal- 
loon 522 serves well to conduct radiotherapy in a tubular 
cavity having a comparatively large diameter. 

Hence/the medical apparatus according to the fifti- 
eth embodiment enables a surgeon to simultaneously 
perform both radiotherapy and thermotherapy on a tumor 
on the inner surface of a large tubular cavity. 

The radiation source tubes 524a to 524c may be 
biased toward the axis of the applicator 501 B. If so 
biased, the tubes 524a to 524c will not hinder the second 
balloon 522 from contracting and will prevent the radia- 
tion sources 527a to 527c from excessively approaching 
the affected part. 

The radiation sources 527a to 527c may be inserted 
into all radiation passages 524a to 524c as shown in FIG. 
70, whereby the radiation is distributed uniformly and 
applied onto the affected part. Alternatively, the radiation 
sources may be inserted into only one or two selected 
ones of the passages 524a to 524d, in which case the 
radiation is applied onto the affected part in a specific 
direction. 

The flaps 523a to 523c and the radiation passages 
524a to 524c may be spaced apart in irregular intervals, 
not regular intervals of 120°, along the circumference of 
the balloon 522. In addition, four flaps and four radiation 
passages may be provided and spaced apart at regular 
intervals of 90° , along the circumference of the balloon 
522. 

A medical apparatus according to the fifty-first 
embodiment of the present invention will be described 
with reference to FIGS. 71 A to 71 F. 

This apparatus is similar to the fourteenth embodi- 
ment (FIGS. 17 to 21) and the twenty-sixth embodiment 
(FIGS. 34 and 35). but different in the structure of the 
intra -cavity applicator 607. The applicator 607 comprises 
a long, thin flexible shaft 61 1 and a proximal section 613. 
As shown in FIG. 71 A, the distal end portion of the shaft 
611 is used as a thermotherapeutic section 612. As 
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shown in FIG. 71 B, the proximal section 613 is con- 
nected to the proximal end of the shaft 61 1 . 

As seen from FIG. 71 C, the shaft 61 1 has a multilu- 
men structure. To be more specif ic, the shaft 61 1 hasf ive 
lumina 614a to 614e. The first lumen 614a serves as s 
catheter passage 615, the second lumen 61 4b as water 
supplying passage 616, the third lumen 614c as water 
discharging passage 61 7, the fourth lumen 61 4d as ther- 
mocouple cable passage 618, and the fifth lumen 61 4e 
as electrode cable passage 61 9. w 

As illustrated in FIG. 71A, a high-frequency elec- 
trode 620 for use in thermotherapy is wound around the 
thermotherapeutic section 612, forming a coil. A balloon 
62 1 is fastened to the distal end portion of shaft 611, cov- 
ering the high-frequency electrode 620. The electrode is 
620 is not limited to a coil-shaped one. It may be replaced 
by, for example, a mesh electrode or a plate-like elec- 
trode. 

The balloon 621 is fbrmediof an elastic thin-walled 
tube which is fixed at distal end to the distal end of the 20 
shaft 61 1 and at rear end to the shaft 611 , at the rear of 
the high-frequency electrode 620. The distal end 616a 
of the water supplying passage 616 and the distal end 
61 7a of the water discharging passage 617 open at the 
circumferential surface of the distal end portion of the 25 
shaft 61 1 and to the interior of the balloon 621 . 

A thermocouple 622 is mounted on the outer surface 
of the balloon 621 and used as a temperature sensor. 
The thermocouple 622 may be replaced by a tempera- 
ture sensor having a platinum element, an optical-fiber 30 
temperature sensor, a thermistor, or the like. 

As shown in FIG. 71 B, a water supplying tube 623 
and a water discharging tube 624 are connected at distal 
end to the proximal ends of the passages 616 and 617, 
respectively. A water supplying inlet connector 625 and 35 
a water outlet connector 626 are connected to the prox- 
imal ends of the tubes 623 and 624, respectively. Cooling 
water can therefore be supplied into the balloon 621 
through the water supplying passage 623 and dis- 
charged from the balloon 621 through the water dis- 40 
charging passage 624. Thus, the cooling water can 
circulate in the balloon 621. 

A thermocouple cable 627 and an electrode cable 
628 extend through the thermocouple passage 618 and 
the electrode cable passage 619, both provided in the 45 
shaft 61 1 . The thermocouple cable 627 has its distal end 
portion led out of the shaft 61 1, in front of the balloon 
621 , and is connected to the thermocouple 622 mounted 
on the balloon 621 . The proximal end portion of the ther- 
mocouple cable 627 protrudes from the proximal section so 
613 and is connected to a thermocouple connector 629. 
The electrode cable 628 has its distal end portion let out- 
wards from the shaft 61 1 and connected to the high-fre- 
quency electrode 620. The proximal end portion of the 
cable 628 projects from the proximal section 61 3 and is ss 
connected to an electrode connector 630. 

A catheter guide 631 , which is a hollow cylinder, is 
attached to the proximal section 613. As shown in FIG. 
71 D, the catheter guide 631 has a hole 631a which com- 



municates with the catheter passage 61 5. The hole 631 a 
is tapered such that its diameter gradually decreases 
toward the distal end. 

A catheter holder 632 made of rubber is removably 
inserted in the hole 631a of the catheter guide 631. The 
catheter holder 632 has a catheter guiding hole 633 as 
shown in FIGS. 71 E and 71 F. The catheter holder 632 
has a slit 634 which extends parallel to the axis of the 
holder 632 and which communicates with the catheter 
guiding hole 633. The outer circumferential surface of the 
holder 632 is tapered such that the outer diameter of the 
holder 632 gradually decreases toward the distal end as 
is illustrated in FIG. 71 E. When the catheter holder 632 
is pushed into the hole 631a of the catheter guide 631, 
the slits 634 is closed, reducing the diameter of the cath- 
eter guiding hole 633. As a result, the holder 632 
squeezes the radiotherapeutic catheter 609 and holds 
the same steadfastly. 

A radiation source such as a mass of iridiumis to be 
inserted into the distal end of the radiotherapeutic cath- 
eter 609. Held by the holder 632 inserted in the hole 631 a 
of the catheter guide 631 , the radiotherapeutic catheter 
609 can be inserted into the catheter passage 615 
through the catheter guiding hole 633 of the catheter 
holder 632. 

The distal end of the catheter passage 615 made in 
the shaft 61 1 reaches a position where it opposes the 
distal end of the high-frequency electrode 620. The radi- 
ation source set in the distal end of the catheter 609 
inserted into the passage 615 can therefore be located 
to oppose the high-frequency electrode 620. The cathe- 
ter passage 615 may be either closed at the distal end 
as shown in FIG. 71 A or opened at the distal end of the 
shaft 61 1 . If the passage 61 5 may be either closed at the 
distal end, the radiation source can be positioned exactly 
at the center of the balloon 621 , merely by inserting the 
catheter 609 until its distal end abuts on the distal end of 
the catheter passage 615. 

How a surgeon operates the medical apparatus 
according to the present embodiment to conduct ther- 
motherapy and radiotherapy simultaneously will be 
explained. 

The medical apparatus is used in an operating room 
of the type shown in FIG. 19. which is electromagneti- 
cally shielded. First, the surgeon connects the applicator 
607 to a hyperthermia device (not shown) of the type 
shown in FIG. 19. More specifically, the surgeon con- 
nects the water supplying inlet connector 625 and the 
water outlet connector 626 to the water supplying unit 
and water discharging unit which are incorporated in the 
hyperthermia device. Further, he or she connects the 
thermocouple connector 629 and the electrode connec- 
tor 630 to the thermocouple connector and electrode 
connector of the hyperthermia device. 

Thereafter, the surgeon evacuates the water supply- 
ing tube 623 and the water discharging tube 624. This 
done, the cooling water is discharged from the balloon 
621, deflating the same. The surgeon then inserts the 
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intra-cavrty applicator 607 into a patient's body cavity, in 
one of the following two alternative methods I and II. 

Method I 

5 

Before inserting the applicator 607 into the body cav- 
ity, the surgeon pushes the radiotherapeutic catheter 609 
into the catheter passage 61 5 of the applicator 607 until 
he or she sees that the distal end of the catheter 609 
reaches a desired position in the passage 615. Next, he 10 
or she pushes the catheter holder 632 into the catheter 
guide 631. As the holder 632 is pushed into the guide 
631 , the slits 634 of the holder 632 is gradually closed 
because the outer circumferential surface of the holder 
632 is tapered such that the outer diameter of the holder 15 
632 gradually decreases toward the distal end. The 
diameter of the catheter guiding hole 633 is thereby 
reduced. The holder 632 squeezes the radiotherapeutic 
catheter 609 and holds the same steadfastly. Then, the 
surgeon inserts the catheter 609 into the catheter pas- 20 
sage 615 of the applicator 607. He or she inserts the 
applicator 607, with the catheter 609 set in the passage 
61 5 of the applicator 607. At this time, the radiotherapeu- 
tic catheter 609 is inserted into the body cavity, together 
with the intra-cavity applicator 607. 25 

Method II 

Before inserting the catheter 609 into the passage 
615 provided in the intra-cavity applicator 607, the sur- 30 
geon inserts only the applicator 607 into the body cavity. 
Next, he or she inserts the radiotherapeutic catheter 609 
into the passage 615 of the intra-cavity applicator 607. 
The surgeon then guides the distal end of the catheter 
609 to a position where it opposes the affected part 35 
present in the body cavity, while observing the X-ray 
image of the interior of the body cavity. Thereafter, the 
surgeon pushes the catheter holder 632 into the catheter 
guide 631. As the holder 632 is pushed into the guide 
631. whereby the holder 632 holds the catheter 609 40 
steadfastly, in the same manner as in the method I. 

Now that the intra-cavity applicator 607 has been 
inserted into the patient's body cavity, the surgeon sup- 
plies cooling water into the balloon 621, inflating the 
same. The balloon 621 eventually touches the inner sur- 45 
face of the body cavity, positioning the applicator 607 at 
a desired position in the body cavity. 

It will be explained how a surgeon operates the med- 
ical apparatus to perform both radiotherapy and thermo- 
therapy by using the radiotherapeutic catheter 609 and so 
the applicator 608. respectively, to treat an affected part 
present in the applicant's body cavity. At first, the sur- 
geon attaches the high-frequency electrode of an extra- 
corporeal applicator (not shown) of the type shown in 
FIG. 19 to the patient, at a position opposing to the high- ss 
frequency electrode 602. Then, he or she supplies a 
high-frequency current between the electrode of the 
extracorporeal applicator and the high-frequency elec- 
trode 620 of the applicator 607. Thermotherapy on the 



affected part is thereby initiated. When the affected part 
in the body cavity is heated to a desired temperature; the 
surgeon walks out from the operating room. 

Outside the room, the surgeon operates a radiother- 
apy controller of the type shown in FIG. 1 9. The controller 
is connected to the radiotherapeutic device installed in 
the operating room. The radiation source is thereby 
inserted from the radiotherapeutic device into the cath- 
eter 609 which is inserted in the body cavity. The source 
is placed in the distal portion of the applicator 607 
because the catheter 609 has its distal end portion 
located in the catheter passage 615 of the applicator 
607. In this condition, the surgeon can perform thermo- 
therapy and radiotherapy simultaneously on the affected 
part resent in the body cavity. 

The medical apparatus according to the fifty-first 
embodiment is advantageous in two respects. The radi- 
otherapeutic catheter 609 would not be displaced even 
if the patient moves on thS operating table before or dur- 
ing the radiotherapy. This is because the catheter 609 is 
held firmly in the catheter passage 615 by the catheter 
holder 632 which is set in the intra-cavity applicator 607. 
Furthermore, simple in structure, the catheter holder 632 
can be produced at low cost, and the medical apparatus 
can be sold at low price. 

The intra-cavity applicator 607 has only one catheter 
passage 615. Instead, the applicator 607 may have two 
more more catheter passages so that two or more cath- 
eter may be inserted into the applicator 607. If this is the 
case, two or more catheter guide 631 and two or more 
catheter holders 632 need to be provided. 

A medical apparatus according to the fifty-second 
embodiment of the invention will be described with ref- 
erence to FIGS. 72A and 72B. 

This embodiment differs from the fifty-first embodi- 
ment (FIGS. 71 A and 71 F) is characterized by a catheter 
guide 641 and a screw member 644. As shown in FIG. 
72A, the guide 641 has its distal end connected to the 
proximal end 61 3 of the shaft 61 1 of the intra-cavity appli- 
cator 607. The guide 641 is a hollow cylinder having a 
bottom at the distal end and has a hole 641a in the bot- 
tom. The hole 641 a communicates with the catheter pas- 
sage 615 made in the shaft 61 1 . A catheter holding ring 
(fastening means) 642 made of soft rubber is placed on 
the bottom of the catheter guide 641 . A female screw 643 
is cut in the inner surface of the proximal end portion of 
the guide 641 . 

As shown in FIG. 72B, the screw member 644 con- 
sists of a shaft 645 and a knob 646 which are formed 
integral and coaxial with each other. The shaft 645 has 
a male screw 647 cut in the outer circumferential surface. 
The screw member 644 has a catheter guiding hole 648. 
The shaft 645 can be set in the catheter guide 641 , in 
screw engagement therewith. 

As long as the catheter 609 is not used, the screw 
member 644 remains loosely inserted in the catheter 
guide 641 and the catheter holding ring 642 remains not 
deformed. 
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To use the radiotherapeutic catheter 609 to apply 
radiotherapy on an affected portion in a body cavity, a 
surgeon inserts the catheter 609 into the catheter pas- 
sage 615 of the shaft 61 1 . through the catheter guiding 
hole 648 of the screw member 644, the catheter holding 
. ring 642 in the catheter guide 641 and catheter passage 
61 5 of the shaft 61 1 . Next, the surgeon moves the cath- 
eter 609 along its axis, placing the catheter 609 at a 
desired position in the catheter passage 615. He or she 
then rotates the screw member 644 until the shaft 645 
presses the catheter holding ring 642. The ring 642 is 
thereby elastically deformed, having its inner diameter 
reduced. The ring 642 clamps the radiotherapeutic cath- 
eter 609, fastening the catheter 609 to the intra-cavity 
applicator 607. 

Except for the features mentioned above, the fifth- 
second embodiment is identical in structure and use to 
the fifty-first embodiment (FIGS. 71 A nd 71 B). 

The fifty-second embodiment can achieve the same 
advantages as the fifty-first embodiment. Further, the 
radiotherapeutic catheter 609 can be more firmly held, 
merely by rotating the screw member 644 set in mesh 
with the catheter guide 641 , thereby deforming the cath- 
eter holding ring 642 so that the ring 642 clamps the cath- 
eter 609. 

A medical apparatus according to the fifty-third 
embodiment of this invention will be described with ref- 
erence to FIGS. 73A and 73B and FIGS. 74A and 74B. 

The fifty-third embodiment differs from the fifty-first 
embodiment (FIGS. 71 A to 71 F) and the fifty-second 
embodiment (FIGS. 72A and 72B), in respect of the com- 
ponents associated with the catheter passage 615 and 
provided at the proximal end 61 3 of the shaft 61 1 of the 
intra-cavity applicator 607. 

As illustrated in FIGS. 73A and 73B, a catheter cap 
651 made of rubber, such as silicone rubber, is con- 
nected to the proximal end 613 of the shaft 61 1 . The cap 
651 communicates with the catheter passage 615 
formed in the shaft 61 1. The catheter cap &51 can be 
removed from the proximal end 61 3. Alternatively, it may 
be permanently coupled to the proximal end 613. As 
shown in FIGS. 74A and 74B, the catheter cap 651 has 
a slit 652, through which a radiotherapeutic catheter 609 
can be inserted into the catheter passage 61 5. 

The slit 652 remains closed as shown in FIG. 74 A, 
unless or until the catheter 609 is inserted into the pas- 
sage 615 through it as illustrated in FIG. 74B. 

To use the radiotherapeutic catheter 609, a surgeon 
inserts the catheter 609 into the catheter passage 615 
through the slit 652 of the catheter cap 651 . At this time 
the cap 651 is elastically deformed, opening the slit 652. 

Once the catheter 609 is positioned, with its distal 
end located at a desired position in the catheter passage 
61 5. the cap 651 holds the catheter 609 due to the restor- 
ing force of the cap 651 and the friction between the cap 
651 and the catheter 609. Nonetheless, the catheter 609 
can be moved in the axial direction of the passage 615 
when pulled or pushed with a relatively large force. 



Except for the features mentioned above, the fifth- 
third embodiment is identical in structure and use to the 
fifty-first embodiment (FIGS. 71 A nd 71 B). 

The fifty-third embodiment attains the same advan- 
tages as the fifty-first embodiment. Additionally, it is 
advantageous in that the mechanism for holding the 
catheter 609 is more simple. This is because the catheter 
cap 651 made of rubber is provided at the proximal end 
613 of the intra-cavity applicator 607, and the catheter 
609 inserted through the slit 652 of the cap 651 . Thus, 
the catheter 609 cannot easily move along the applicator 
607 due to the restoring force of the cap 651 and the 
friction between the cap 651 and the catheter 609. 

A medical apparatus according to the fifty-fourth 
embodiment of this invention will be described with ref- 
erence to FIGS. 75A, 75B and 76. 

This embodiment differs from the fifty-first embodi- 
ment (FIGS. 71 A to 71 F), the fifty-second embodiment 
(FIGS. 72A and 72B) and the fifty-third embodiment 
(FIGS. 73A and 73B and FIGS. 74A and 74B), in the 
structure of mechanism for holding the radiotherapeutic 
catheter 609. As shown in FIGS. 75A and 75B, a pipe- 
shaped catheter guide 661 is connected to the proximal 
end 61 3 of the shaft 61 1 of the intra-cavity applicator 607. 
The catheter 661 communicates with the catheter pas- 
sage 61 5 provided in the shaft 61 1 . As shown in FIG. 76. 
the catheter guide 661 has a catheter inlet port 662 
formed by squeezing the rear end portion. 

To use the intra-cavity applicator 607 to treat an 
affected part in a patient's body cavity, a surgeon first 
inserts the radiotherapeutic catheter 609 into the cathe- 
ter passage 61 5 through the catheter guide 661 from the 
catheter inlet port 662 thereof. Next, the surgeon sets 
the catheter 609 at a desired position in the passage 61 5. 
This done, he or she wraps adhesive tape 663 around 
the catheter inlet port 662 and catheter 609 as illustrated 
in FIG. 76, thus fastening the catheter 609 to the appli- 
cator 607. 

Except for the features mentioned above, the fifth- 
forth embodiment is identical in structure and use to the 
fifty-first embodiment (FIGS. 71 A nd 71 B). 

The fifty-fourth embodiment attains the same advan- 
tages as the fifty-first embodiment. In addition, it is 
advantageous in that the mechanism for holding the 
catheter 609 is more simple than that employed in the 
fifty-first, fifty-second and fifty-third embodiments. That 
is, the catheter 609 can be fastened to the applicator 607, 
merely by wrapping the adhesive tape 633 around the 
catheter inlet port 662 and catheter 609, inhibiting the 
catheter 609 from moving along the applicator 607. 
Moreover, since the catheter passage 615 is simple in 
structure, the intra-cavity applicator 607 can be manu- 
factured at low cost, making it possible to provide the 
medical apparatus for low price. 

A medical apparatus according to the fifty-fifth 
embodiment of the present invention will be described 
with reference to FIGS. 77A and 77B. 

The fifty-fifth embodiment is similar to the fifty-first 
embodiment fifty-first embodiment (FIGS. 71 A nd 71 B), 
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but characterized in that a radiotherapeutic catheter 609 
is incorporated in the shaft 61 1 of the intra-cavity appli- 
cator 607 and made integral with the shaft 61 1 , as seen 
from FIGS. 77A and 77B. 

The fifty-fifth embodiment not only achieves the s 
same advantages as the fifty-first embodiment, but also 
enables a surgeon to finish performing therapy within a 
shorter time than is possible with the fifty-first, fifty-sec- 
ond and fifty-third embodiments. Since the catheter 609 
is fixed to the shaft 61 1 , it is unnecessary for the surgeon io 
to insert the catheter 609 into the applicator 607, locate 
it at a desired position in the applicator 607 or fasten it 
to the applicator 607. What is more, there is no possibility 
that the catheter 609 inserted in the patient's body cavity 
is displaced while the surgeon is performing therapy by is 
using the applicator 607. 

FIGS. 78A and 78B show a medical apparatus 
according to the fifty-sixth embodiment of the invention. 

The fifty-sixth embodiment is identical to thef ifty-f irst 
embodiment (FIGS. 71 A to 71F)i except that the shaft so 
61 1 of the intra-cavity applicator 607 is made transparent 
material. Since the shaft 61 1 is transparent, a surgeon 
can see the distal end of the catheter 609 as he or she 
inserts the catheter 609 into the applicator 607 before 
inserting the applicator 607 into a patient's body cavity. 25 
Hence, the surgeon can know the position which the 
catheter 609 assumes in the shaft 61 1 of the applicator 
607. 

FIGS. 79A to 79C illustrate a medical apparatus 
according to the fifty-seventh embodiment of the present 30 
invention. 

As shown in FIGS. 79A and 79B t the fifty-seventh 
embodiment is identical to the fifty-first embodiment 
(FIGS. 71 A to 71 F), except for some respects. First, a 
graduation 671 is provided on the outer surface of the 35 
shaft 61 1 of the intra-cavity applicator 607. The gradua- 
tion 671 helps a surgeon determine how deep the shaft 
511 has been inserted into a patient's body cavity. The 
graduation 671 is marking which is opaque to X rays like 
a contrast medium. Further, as shown in FIG. 79C, a 40 
graduation 672 which is also marking opaque to X rays 
is provided on the radiotherapeutic catheter 609. Still fur- 
ther, a high-frequency electrode 673 is wound around the 
distal end portion of the shaft 61 1 of the applicator 607, 
forming a coil whose turns are spaced apart at regular 45 
intervals. Spaced apart at regular intervals and opaque 
to X-ray, the turns of the coiled electrode 673 serve as a 
graduation visible in an X-ray image of the interior of the 
body cavity in which the applicator 607 is inserted. 

The fifty-seventh embodiment not only achieves the so 
same advantages as the fifty-first embodiment, but also 
enables a surgeon to set the catheter 609 easily at a 
desired position in the patient's body cavity. This is 
because he or she can determine how deep he or she 
has inserted the applicator 607 into the body cavity by ss 
seeing the graduations 671 and 672 provided on the 
shaft 61 1 and the catheter 607, respectively, which are 
visible in an X-ray image of the interior of the body cavity. 



FIGS. 80A to 80C show a medical apparatus accord- 
ing to the fifty-eighth embodiment of this invention. 

As shown in FIGS. 80A and 80B, the fifty-eighth 
embodiment is identical to the fifty-first embodiment 
(FIGS. 71A to 71F), except for some respects. First, a 
bar 681 provided as illustrated in FIG. 80B, to help a sur- 
geon to set a distance he or she wishes to insert the 
applicator 607 into a patients body cavity. More pre- 
cisely, a projection 682 protrudes from the outer circum- 
ferential surface of the catheter guide 63 1 and has a hole 
683 extending parallel to the applicator 607. A bar 681 
passes through the hole 683 and can be moved back 
and forth along the applicator 607. The projection 682 
has a screw hole extending at right angles to the hole 
683, and a screw 684 is set in the screw hole. When the 
screw 684 is loosened, the bar 681 can be moved parallel 
to the applicator 607. When the screw 684 is tightened, 
the bar 681 is fastened to the projection 682 and set in 
a specific position with respect to the applicator 607. It 
is desirable that the bar 681 be made of material as hard 
as that of the shaft 61 1 of the applicator 607. 

To use the intra-cavity applicator 607 to treat an 
affected part in a patient's body cavity, a surgeon first 
inserts the applicator 607 into the body cavity and sets 
the distal end of the applicator 607 at a desired position 
in the body cavity. He or she then moves the bar 681 
forward until the bar 681 abuts on the body surface of 
the patient. The surgeon tightens the screw 684, fasten- 
ing the bar 681 to the projection 682. As a result, the bar 
681 is fastened to the catheter guide 631 . 

Should the applicator 607 be displayed outwards 
before it is used or while it is being used, to treat an 
affected part present in the body cavity, it suffices for the 
surgeon to push the applicator 607 until the bar 681 
abuts on the body surface of the patient. Then, the posi- 
tion of the applicator 607 is readjusted, with its distal end 
located at the very desired position in the body cavity. 

The fifty-eighth embodiment achieves the same 
advantages as the fifty-first embodiment. In addition, it 
enables the surgeon to easily readjust the position of the 
applicator 607 in the patient's body cavity in case the 
applicator 607 should be displayed outwards after the 
surgeon has appropriately positioned it in the body cavity 
while observing an X-ray image of the interior of the body 
cavity. To be more specific, it suffices for the surgeon to 
push the applicator 607 until the bar 681 abuts on the 
body surface of the patient. The easy readjustment of 
the position of the applicator 607 helps to shorten the 
time the surgeon, needs to spend to complete therapy. 

A medical apparatus according to the fifty-ninth 
embodiment of the invention will be described with ref- 
erence to FIGS. 81 A and 81 B. 

The fifty-ninth embodiment is a modification of the 
fifty-first embodiment (FIGS. 71 A to 71 F). ft is character- 
ized in that a ring 691 is mounted on the intra-cavity appli- 
cator 607 as shown in FIG. 81 B. The ring 691 can be 
moved in the axial direction of the shaft 61 1 of the appli- 
cator 607. 
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To use the intra-cavity applicator 607 to treat an 
affected part in a patient's body cavity, a surgeon first 
inserts the applicator 607 into the body cavity and sets 
the distal end of the applicator 607 at a desired position 
in the body cavity. He or she then moves the ring 691 s 
forward until the ring 691 abuts on the body surface of 
the patient. Should the applicator 607 be displayed out- 
wards before it is used or while it is being used, to treat 
an affected part present in the body cavity, the surgeon 
needs only to push the applicator 607 until the ring 691 10 
abuts on the body surface of the patient. Then, the posi- 
tion of the applicator 607 is readjusted, with its distal end 
located at the very desired position in the body cavity. 

The fifty-ninth embodiment achieves the same 
advantages as the fifty-first embodiment Further, since is 
the mechanism for readjusting the position of the appli- 
cator 607 is very simple, the intra-cavity applicator 607 
is simple in structure and can therefore be manufactured 
at low cost. 

A medical apparatus according to the sixtieth 20 
embodiment of the present invention will be described 
with reference to FIGS. 82A and 82B. 

The fifty-ninth embodiment is a modification of the 
fifty-first embodiment (FIGS. 71 A to 71 F). It is character- 
ized in that a stopper 701 is mounted on the intra-cavity 25 
applicator 607 as shown in FIG. 82B. The stopper 701 
can be moved in the axial direction of the shaft 611 of 
the applicator 607. The stopper 701 comprises a slider 

702 movably mounted on the shaft 61 1 , a stopper body 

703 fixed to the slider 702, and a screw 704 set in a screw 30 
hole made in the stopper body 703. The screw 704 can 

be tightened to fasten the body 703 to the shaft 61 1 and 
loosened to allow the body 703 to slide on the shaft 61 1 . 

To use the intra-cavity applicator 607 to treat an 
affected part in a patient's body cavity, a surgeon first 35 
inserts the applicator 607 into the body cavity and sets 
the distal end of the applicator 607 at a desired position 
in the body cavity. The surgeon then slides the stopper 
701 forward until the stopper 701 abuts on the body sur- 
face of the patient. Should the applicator 607 be dis- 40 
played outwards before it is used or while it is being used, 
to treat an affected part present in the body cavity, the 
surgeon needs only to push the applicator 607 until the 
stopper 701 abuts on the body surface of the patient. The 
position of the applicator 607 is therefore readjusted, 45 
with its distal end located at the very desired position in 
the body cavity. 

The sixtieth embodiment achieves the same advan- 
tages as the fifty-eighth embodiment (FIGS. 80A and 
80B). Further, there is no possibility that the applicator so 
607 is inserted deeper into the body cavity than is 
desired provided that the body 703 of the stopper 701 is 
larger than the opening incised in the body surface, 
through which the applicator 608 is inserted into the body 
cavity. 55 

A medical apparatus according to the sixty-first 
embodiment of the present invention will be described 
with reference to FIGS. 83 and 84. 



The fifty-first embodiment is a modification of the 
fifty-first embodiment (FIGS. 71 A to 71 F). The fifty-first 
embodiment is characterized by the use of a mouthpiece 
713 of the type shown in FIG. 84. As shown in FIG. 83, 
the mouthpiece 713 is set in the mouth 711 of a patient 
603, so that the intra-cavity applicator 607 may be 
inserted into the esophagus 712. 

As shown in FIG. 84, the mouthpiece 713 comprises 
a body 71 4 and a flange 71 5 connected to the body 714. 
A flexible stopper 716 made of soft material such as sil- 
icone rubber is removably attached to the mouthpiece 
713. The stopper 716 comprises a hollow cylindrical 
body 71 7 and a pair of U-shaped hooks 71 8a and 71 8b. 
The body 717 is to be inserted into the hole 713a of the 
mouthpiece 713. The hooks 718a and 718b protrude 
from one end of the body 71 7. The body 71 7 has a slit 
719 extending parallel to the axis of the body 717. 

To use the intra-cavity applicator 607 to treat an 
affected tissue 720 on the inner surface of the esophagus 

712, the surgeon first inserts the mouthpiece 711 into 
the patients mouth. Next, he or she puts the stopper 71 6 
on the shaft 61 1 of the applicator 607 and inserts the 
distal end portion o the applicator 607 from the mouth 
711 into the esophagus 712 through the mouthpiece 

71 3. The surgeon then positions the applicator 607 such 
that the high-frequency electrode of the applicator 607 
is located at the affected tissue 720. Holding the appli- 
cator 607 in place, the surgeon slides the stopper 716 
forward on the shaft 61 1 until the stopper body 717 slips 
into the hole 713a of the mouthpiece 713 and the hooks 
71 8a and 71 8b catch on the flange 71 5 of th mouthpiece 
713. As the body 717 slips into the mouthpiece 713, it is 
squeezed, narrowing the slit 719, and held to the shaft 
611. Once the body 717 is set in the mouthpiece 713, 
the applicator 607 can longer be moved in its axial direc- 
tion. 

Thus, the intra-cavity applicator 607 is prevented 
from moving in its axial direction once the stopper 716 
has been connected to the mouthpiece 713 inserted in 
the patient's mouth 711. The applicator 607 would not 
be moved while the surgeon is treating the affected tis- 
sue 720 even if the surgeon mistakenly pull or push the 
applicator 607. The mouthpiece 71 3 and the stopper 716 
help to increase the safety of therapy. 

A medical apparatus according to the sixty-second 
embodiment of the present invention will be described 
with reference to FIGS. 85 and 86. 

The fifty-second embodiment is a modification of the 
sixty-first embodiment (FIGS. 83 and 84). The f rfty-sec- 
ond embodiment is characterized in that an applicator 
holder 721 is used in place of the mouthpiece 713 and 
the stopper 716. As shown in FIG. 86, the holder 721 
comprises a ring-shaped stopper 722 and a pair of hooks 
723a and 723b. Both hooks 723a and 723b protrude 
from the stopper 722 and are formed integral therewith. 
The applicator holder 721 is made of soft material having 
a large frictional coefficient, such as silicone rubber or 
natural rubber. 
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To use the intra-cavity applicator 607 to treat an 
affected tissue 720 on the inner surface of the esophagus 
(not shown), the surgeon first inserts the distal end por- 
tion of the applicator 607 into the esophagus through the 
ring-shaped stopper 722 of the holder 721 and the 
patient's mouth, until the distal end of the shaft 61 1 of 
the applicator reaches a desired position in the esopha- 
gus. Holding the applicator 607, the surgeon slides the 
holder 721 until puts the stopper applicator holder 721 
touches the patient's lips. Then, he or she wraps the 
hooks 723a and 723b of the holder 721 around the pat- 
ent's ears as shown in FIG. 85. Thereafter, the surgeon 
bends the proximal end portion of the shaft 61 1 and fas- 
tened it to, for example, the patient's chest by means of 
adhesive tape 727. As a result the holder 721 holds the 
applicator 607 due to the friction between the shaft 61 1 
and the stopper 722, and the applicator 607 cannot be 
easily moved in its axial direction. 

Thus, the applicator holder 721 prevents the intra- 
cavity applicator 607 from moving in the axial direction 
once the holder 721 is attached to the patient 105, with 
the stopper 722 contacting on the patient's lips and the 
hooks 732a and 723b wrapped around the patient's ears. 
The applicator 607 would not be moved while the sur- 
geon is treating the affected tissue even if the surgeon 
mistakenly pull or push the applicator 607. The applicator 
holder 721 helps to increase the safety of therapy. 

A medical apparatus according to the sixty-third 
embodiment of the invention will be described with ref- 
erence to FIGS. 87A and 87B. 

The fifty-third embodiment is a modification of the 
fifty-first embodiment. The fifty-third embodiment is char- 
acterized in that a contrast-medium applying means is 
provided in the balloon 621 mounted on the distal end 
portion of the intra-cavity applicator 607. 

FIGS. 87A and 87B show two types of applicators 
607 designed for use in the fifty-third embodiment, each 
having a plurality of medium supplying tubes 731 . In the 
first type of the applicator 607, the medium supplying 
tubes 731 extend along the axis of the applicator 607 as 
shown in FIG. 87A. In the second type of the applicator 
607, the medium supplying tubes 731 extend around the 
applicator 607. The contrast medium supplied from the 
tubes 731 into the entire space of the balloon 621 or 
applied from the tubes 731 onto the inner surface of the 
balloon 621. 

To use the intra-cavity applicator 607 of the sixty- 
third embodiment to treat an affected part present in a 
patient's body cavity, a surgeon inserts the distal end por- 
tion of the applicator 607 into the body cavity. The sur- 
geon then supplies cooling water into the balloon 621. 
inflating the balloon 621. Further, he or she supplies a 
contrast medium into the balloon 621 through the 
medium supplying tubes 731, mixing the medium with 
the cooling water in the balloon 621 . As a result, the bal- 
loon 621 can be clearly seen in an X-ray image of the 
interior of the body cavity. This helps the surgeon to cor- 
rectly determine the distance between the inner surface 
of the body cavity and the radiotherapeutic catheter 609 



inserted in the catheter passage 615. The surgeon can 
therefore easily calculate the distribution of radiation. 

Claims 

5 

1. A medical apparatus for treating an affected part (7) 
of a patient, characterized by comprising: 

radiotherapeutic means (5) for conducting 
radiotherapy on the affected part (7), said radiother- 
io apeutic means (5) having a tube for guiding radiation 
source (13) emitting radiation; 

thermotherapeutic means (2) for conducting 
thermotherapy on the affected part (7); and 

drive means for causing said radiotherapeu- 
15 tic means (5) and said thermotherapeutic means (2) 
to conduct radiotherapy and thermotherapy at the 
same time. 



2. The apparatus according to claim 1 , characterized 
20 in that said drive means causes said radiotherapeu- 
tic means (5) to start radiotherapy after said thermo- 
therapeutic means (2) heated the affected part (7) 
to a predetermined temperature. 

25 3. The apparatus according to claim 1 . characterized 
in that said thermotherapeutic means (2) comprises 
a thermotherapeutic applicator (102) and fastening 
means (632) for fastening said tube (5) to the ther- 
motherapeutic applicator (102). 

30 

4. The apparatus according to claim 1 , characterized 
in that said drive means has a first unit for driving 
said thermotherapeutic means (2) and said radio- 
therapeutic means (5) at the same time, and a sec- 

35 ond unit for causing said thermotherapeutic means 
(2) and said radiotherapeutic means (5) to applying 
heat and radiation to one and the same region. 

5. TTie apparatus according to claim 3, characterized 
40 in that said thermotherapeutic applicator (1 02) has 

at least one of a hole (12) for guiding said tube (15) 
and means for positioning said tube (5). 

6. The apparatus according to claim 4, characterized 
45 in that said drive means has means for supporting 

and moving the radiation source (13) to distribute 
radiation applied by said radiotherapeutic means 
(1 5), in accordance with distribution of heat applied 
by said thermotherapeutic means (2). 

50 

7. The apparatus according to claim 5, characterized 
in that said thermotherapeutic applicator (102) has 
means for applying radiation emitted from the radi- 
ation source (13) guided by said tube (5). substan- 

55 tially uniformly in a circular plane perpendicular to 
an axis of said thermotherapeutic applicator (102). 

8. The apparatus according to claim 5, characterized 
in that said thermotherapeutic applicator (102) has 
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means for applying radiation emitted from the radi- 
ation source (1 3) guided by said tube (5), in a spec- 
Hied radial direction of said thermotherapeutic 
applicator (102). 

5 

9. The apparatus according to claim 5, characterized 
in that said thermotherapeutic applicator (102) aplu- 
rality of holes (1 2) for guiding said tube (5) or a plu- 
rality of fastening means for fastening said tube (5) 

to the thermotherapeutic applicator (1 02). w 

10. The apparatus according to claim 4, characterized 
in that said drive means has means for changing dis- 
tribution of heat applied by said thermotherapeutic 
means (2) in accordance with distribution of radia- 15 
tion applied by said radiotherapeutic means (5). 

1 1 . The apparatus according to claim 10, characterized 
in that said thermotherapeutic means (2) comprises 

a thermotherapeutic applicator (2) having a heating 20 
section (8), and means (10) for cooling a surface of 
the heating section (8). 

1 2. The apparatus according to claim 10, characterized 

in that said thermotherapeutic means (2) comprises 2s 
a thermotherapeutic applicator (2) having a heating 
section (8), and temperature measuring means (50) 
provided on a surface of the heating section (8). 

13. The apparatus according to claim 5, characterized 30 
in that said thermotherapeutic means (2) comprises 

a heating electrode (8) and means for fastening the 
heating electrode (8) to the affected part (7). 

14. The apparatus according to claim 3, characterized 35 
by further comprising means (713, 71 6) for position- 
ing said thermotherapeutic applicator (607) with 
respect to the patient. 

15. The apparatus according to claim 1 , characterized 40 
in that said radiation source (13) is iridium, and a 
high-frequency current of about 13.56 MHz is sup- 
plied to said thermotherapeutic means (2). 

16. The apparatus according to claim 5, characterized 45 
by further comprising a balloon (621) mounted on 
said thermotherapeutic applicator (607), for holding 
said thermotherapeutic applicator (607) in place a 
body cavity of the patient and for containing contrast 
medium. so 
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